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Chapter 1 
INTRODUCTION 
The productivity of a crop depends upon several factors in which the 
application of inorganic fertilizers and irrigation are at the top in addition to the 
type of crop, its cultivar and the use of other cultural practices. However, it 
must be admitted that excessive use of inorganic fertilizers is an important 
source of soil and water pollution as nutrients through runoff water goes to 
nearby water bodies or leached through the soil beyond the root zone 
eventually reaching the groundwater and sometimes their long term presence in 
soil also may lead to acidification. Therefore, preserving quality and 
availability of fresh water resources is the most pressing problem among many 
environmental challenges of today. It is also because water is considered as a 
"life support system" and the fast growth of human population, urbanization 
and the increased industrial activity lead to overloading of the carrying capacity 
of the water bodies which otherwise would have assimilated and decomposed 
the organic wastes through natural cycling of material. Thus due to scarcity of 
freshwater and greater demand of irrigation water by the Indian farming 
community farmers have no option other than to grow their agricultural crops 
either under rain fed conditions or wastewater due to its easy availability 
specially near the urban areas. Therefore, its use not only partially solve the 
disposal problem but also serve as a source of nutrients as most of the essential 
nutrients are generally present in wastewater (Akhtar et ah, 2006). However, it 
must be admitted that there is a danger of heavy metal entry into the food chain 
specially when the water is mixed with some industrial effluents like the urban 
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waste water studied in the present study where the lock and electroplating small 
scale industrial waste water was mixed. 
This urban waste water is the spent water of a community carried from 
residences and buildings that enters the sewerage system operated by municipal 
authorities and discharged a drain leading to outside the city at Aligarh 
Mathura road. In India about 32 municipal boards are utilizing about 82,000 m^  
of partly treated sewage water per day for irrigating around 17,400 ha of 
agricultural land and it has been calculated that sewage available from big 
cities in India, could annually contribute 33,000 tonnes of N 7,000 tonnes of P 
and 20,000 tonnes of K (Charkrabarti and Chakrabarti, 1988). At Aligarh alone 
about 24 million m /^annum wastewater is discharged and there is vast area of 
agricultural land irrigated with this water where vegetable and some cereal 
crops are commonly grown (Ozair and Inam, 1993). The irrigation with 
municipal wastewater and the effluents from paper, sugar, brewery and textile 
factories improved the performance of various crops (Day et al, 1975; Bole 
and Bell, 1978; Ajmal and Khan, 1983). Similarly various crops have also 
given positive response to the treated wastewater of the Mathura oil refinery 
(Samiullah et al., 1994; Aziz et al, 1999). 
Plants contain small amounts of about 60 elements and out of them only 
seventeen elements were known as essential (Salisburry and Ross, 1992). Out 
of them nitrogen, phosphorus and potassium plays very important role in 
growth and productivity of the crops. Nitrogen is required for the crop growth 
in higher concentration than any other element. The productivity of higher 
plants depends mainly on nitrogen (Costa, 2002) and its supply has significant 
effect on leaf expansion and branching (Taylor et al, 1993). The soil nitrogen 
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status, its absorption, distribution and utilization has major impact on crop 
growth and development (Keenedy et al., 2002). Phosphorus another major 
nutrient required by plants, is relatively immobile, inaccessible and less 
available nutrient (Marschner, 1995). It is extremely reactive and is only 
available for plant uptake at a narrow range of soil pH. Its supply regulates root 
development and enhances shoot biomass, leaf area and reproductive growth. 
While third major macro element potassium plays a key role in turgor regulated 
movement not only of individual cells, but also of plant organs. Its requirement 
for optimal plant growth is approximately 2-5% on the dry weight basis and it 
is involved in various physiological and biological processes (Mengal and 
Kirkby, 1996). 
The "Green Revolution" no doubt came with the higher productivity at 
the cost of the excessive use of inorganic fertilizers but gave rise to some 
negative ecological consequences like water pollution and nutrient imbalance. 
Therefore, the great concern of the present day farm scientists was to minimize 
the application of inorganic fertilizers without decreasing the productivity of 
crops. Among vegetable and spices chilli is an important cash crop grown for 
its pungent fruits (Prabhakar and Naik, 1997). It is also known as hot pepper or 
bell pepper or sweet pepper belongs to the genus capsicum which is a member 
of the Solanaceae family. Genus capsicum includes 22 wild species and three 
varieties as well as five domesticated species. It is said that pepper was 
brought to the old world in 1493 by Columbus and Portuguese introduced 
capsicum to India from Brazil. The chilies or capsicum species are strictly 
tropical and subtropical plants. It is grown in many parts of India, especially in 
Tamil Nadu, Bihar, Andhra Pradesh, Maharashtra and to a lesser extent in the 
plains of north India. In India chilli cultivation covers an area of about 780 
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thousand hectares producing 550 to 780 thousand tones of chilies annually 
which is also exported to about 90 countries. It contain over 125 volatile oils, 
as well as glycosides and vitamins (Vit A, Vit. C and Vit. E). The main 
component of capsicum peppers is the glycoside capsaicinoid, or capsaicin 
which is the pungent principal of chilli. The extracted capsaicin is used in pain 
balms, cosmetics, medicines related to heart diseases. Capsicum preparation are 
also used as counter-irritant in lumbago, neuralgia and rheumatic disorders 
Taken internally, capsicum has a tonic carminative action especially, 
contraindicated in gastric catarrh. Taken inordinately, it may cause 
gastroenterites. It is sometime added to tannin or rose gargles for pharyngitis 
and relaxed some throat. Chilies are also used in green condition for flavouring 
vegetable dishes and for making pickles and very popularly used as essential 
ingredients of salad in India. It may also be pointed out that chilli also have 
some adverse effect like it causes stomach ulcers. 
Thus, the main objective of the present study was to minimize the use of 
inorganic fertilizers and optimize the utilization of nutrients present in the 
wastewater and also to safegaurd the pollution of water and soil by using it in 
crop cultivation, instead of throwing in a water body or over open fields and 
therefore, reducing the burden on fresh water availability at least around the 
urban areas of the country where this wastewater is easily available. To achieve 
it an experiment was conducted in pots to study the comparative effect of the 
ground water and urban wastewater on the grov^h and yield of two cultivars of 
capsicum annum L. var. G4 and Pusa Jwala under three levels of nitrogen i.e. 
0, 30 and 60 Kg N/ha with uniform basal dose of phosphorus (60 Kg P/ha) and 
Potassium (50 kg K/ha). 
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Chapter 2 
REVIEW OF LITERATURE 
2,1 Effect of Wastewater on Plants 
Pollution of water started with the increase of human population, 
industrialization and urbanization. Initially water bodies were capable to purify 
itself but later they lost their carrying capacity and thus got deteriorated, which 
lead the shortage of clean water for drinking as well as for farming. Thus the 
present day farmer has no option other than to grow his crops using waste 
water which is easily and cheaply available at least near the urban areas. In this 
way the problem of its disposal could be minimized and it can also serve as a 
source of various essential nutrients which will otherwise go waste. The use of 
municipal and industrial wastewater for irrigation was well recognized by Steel 
and Beg, 1954. Much work has been done on various kinds of industrial 
effluents and municipal sewage wastewater on the effect on plants. In this 
review attempt has been made to include the literature related to the effect of 
wastewater on various crop plants and the use of NPK as fertilizer on chilli 
vegetable. 
Jabeen and Saxena (1990) while observing the effect of Sarya distillery 
and Gorakhpur fertilizer factory effluents on pea reported that 5% of distillery 
effluent and 25% of fertilizer factory effluent increased the dry matter, pigment 
and protein contents. In their opinion wastewater given after proper dilution 
can sei've as an additional source of nutrients. 
Srivastava (1991) at Jabalpur (MP) studied the effect of paper mill and 
chloro-alkali plant effluents on radish and onion seeds and reported that the 
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latter effluent was highly deleterious for germination and seedling growth as 
compared to the former. Trivedi and Kirpekar (1991) at Karad (Maharashtra) 
carried out an experiment to study the impact of dairy wastewater irrigation on 
growth and mineral composition of soyabean and blackgram and reported that 
it increased Ca, N, P in both crops. They also observed that P contents were 
increased upto 50% but decreased at 100%. Ramanujam (1991) from 
Pondicherry reported that concentration exceeding 10% of untreated sewage 
effluents reduced the germination percentage and also retarded the seedling 
growth of blackgram. 
Gupta and Nathwat (1992) in Rajasthan studied the toxic effect of 
textile effluent on seed germination and seedling growth of pea. With increase 
in concentration of effluent, there was a decrease in root and shoot length and 
total biomass. Root length was more adversely affected than shoot length. 
Somashekar et al. (1992) at Bangalore (Kamataka) also working on the 
distillery wastewater conducted a study to observe the effect on germination 
and growth of cowpea and fenugreek. The effluent was acidic and contained 
sufficient amount of dissolved solids, its oxygen saturation level was low and 
BOD and COD values were high. Effluent also contained significant amount of 
chloride, potassium, sulphate and magnesium. Therefore, concentration of 
effluent had direct effect on rate and percentage of germination. They also 
reported that plant biomass showed decreasing trend with the increase in 
concentration of effluent. 
At Aligarh much work has been undertaken on the effect of wastewater 
of Mathura oil refinery, thermal power plant and sewage water of Aligarh on 
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various crops commonly grown around the sources of these effluents. Mention 
may be made of Aziz et al. (1993a) who carried out a field study on the effect 
of treated refinery wastewater on nitrate redcutase activity of green gram var. 
T44 and K851 and reported that enzyme stimulated more by effluent 
application in the former variety. In another study by them (1993b) the same 
effluent proved beneficial for growth and yield of lentil. Aziz et al. (1994) in 
continuation of their earlier work further carried out a field study to evaluate 
three cultivars of triticale and one of wheat, and observed that treated refinery 
wastewater increased growth and yield. Soil irrigated with effluent showed no 
significant change in pH, total organic carbon, calcium, water soluble salts, 
CEC and SAR. Aziz and Inam (1995) also studied the performance of 
industrial wastewater mixed with sewage water (urban waste water) on wheat, 
mustard, cauliflower, spinach, cucumber and agricultural soil and reported that 
soil showed no significant change in pH, EC, organic carbon and some cations 
but the accumulation of heavy metals like Pb, Cr and Ni was shown by the soil 
and crops grown in it. Leaves of all crops accumulated more heavy metals and 
inorganic chemical constituents as compared to grains, stems and roots. Aziz et 
al. (1996) reported that crops like wheat, triticale, chickpea, lentil and pigeon 
pea can be grown but no summer moong under refinery treated wastewater. 
Further Aziz et al. (1998) conducted a split plot field experiment to studied the 
effect of five levels of refinery treated wastewater on triticale and reported that 
treated effluent had more nutrients available as compared to ground water. 
Therefore, a linear increase in growth and yield was observed with the increase 
in frequency of irrigation upto three. In 1999, Aziz et al. further reported that 
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treated refinery wastewater also improved the growth of maize and mustard 
crops. 
Inam et al. (1993) also investigated the effect of the refinery effluent on 
seedling emergence of triticale and wheat and reported that it has no adverse 
effect. Iqbat et al. (1994) studied the effect of municipal waste and its impact 
on the growth of leafy vegetables, coriander and spinach. The experiment 
consisting of 4 treatments Ti: a medium of 1:2 fine sand and cattle manure and 
irrigation with sewage water, T2: a medium of 1:2 fine sand and raw sludge, tap 
water being used for irrigafion, T3: a medium of 1:2 fine sand and raw sludge 
and irrigation using sewage water, or T4: control, a medium of fine sand and 
irrigation with tap water. They reported that for both crops, the FW and DW 
were lowest for the first harvest in all treatments of coriander, crop weight was 
lowest in T3 for all harvests and highest in Ti for the second and third harvests. 
For spinach T] resulted in the greatest biomass in the second and third biomass 
in the first harvest. 
More studies were undertaken at Aligarh and mention may be made of 
Javid et al. (2003) who studied the effect of sewage wastewater on wheat and 
reported that its application promoted the growth and yield. In the same year 
Kham et al. also applied sewage wastewater mixed with industrial wastewater 
to spinach and fenugreek and reported that chlorophyll a, b, total chlorophyll 
content, photosynthetic rate, photosynthetic water use efficiency, growth and 
yield were increased. Shah et al. (2004) studied the response of triticale to 
sewage wastewater. The crop was studied on the basis of growth, leaf NPK, net 
assimilation rate, yield and quality and reported that sewage wastewater proved 
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better than ground water. In 2005, at Aligarh Shah et al. further reported that 
sewage wastewater proved better than ground water for growth and 
productivity of triticale. Akhtar et al (2006) and Javid et al. (2006) reported 
the beneficial effect of thermal power plant wastewater on linseed and 
blackgram respectively. Khan et aL (2006) at Ghaziabad tested the distillery 
effluent for the cultivation of sugarcane. Increase in germination percentage, 
number of nodes and internodes, girth, height, millable cane per clump, 
chlorophyll content and yield over the plants grown in control conditions was 
observed by them. Tabassum et al. (2007) conducted a pot experiment to study 
the effect of city wastewater on Lens culinaris cv. DLP-15 and reported that 
significant increase was obtained in plant fresh weight, plant dry weight, 
nodules number planf', seed yield planf' and biomass planf \ Shahroz et al. 
(2008) studied the impact of urban wastewater on the performance of 
fenugreek {Trigonella foenum-graecum L.) and reported that the parameters 
studied at vegetative, flowering and fruiting stages i.e. fresh weight, dry 
weight, leaf number, nodule number and NPK content gave optimum results 
with 100% wastewater. 
Chakrabarti and Nashikkar (1994) at Nagpur testing the wastewater 
containing sewage and sludge showed that the wastewater had generally 
favourable effect on germination and early seedling growth of forest tree 
species. Jimenez et al. (1995) at Maxico irrigating crops with a mixture of 
industrial discharge and rainfall and reported that crop yields were about at 
national average level for maize and leucerne. Umamaheshwara and Rao 
(1995) at Guntur, studied the effluent from thermal power station, and reported 
that sulphur and chlorophyll contents of the leaves of surrounding vegetation 
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were higher with no adverse effect on vegetation. Shukla and Moitra (1995) 
at Shillong studied the effect of 0, 25, 50, 75 and 100% concentrations of steel 
plant effluent on seeds of chickpea, black gram, maize and rice and reported 
that germination and seedling growth of all crops were decreased with the 
increase in concentration and the lowest tolerance was shown by maize. Salim 
et aL (1995) at Palestine observed the effect of root treatment of cauliflower, 
spinach and Pansley plant with lead and cadmium where sewage water 
contaminated by heavy metals was used for irrigation and reported that both 
metal ions inhibited the growth. Butorac et al. (1995) reported the response of 
sugarbeet to Agrarvital and wastewater fertilizing on root and sugar yield and 
macronutrient content in the root and leaf. It was observed that root and sugar 
yield were highest in wastewater containing N, P, K, Ca, Na nutrients. 
Arora and Chauhan (1996) at Agra studied the tannery effluent and 
observed significant reduction in germination percentage and length of various 
varieties of barley. Srivastava (1996) at Guntur reported that effluents from 
industries like sugar and distilleries contains higher amount of phosphate, 
sulphate, calcium, ammonia, total nitrogen and have more BOD, COD, 
conductivity, temperature and turbidity, less amount of dissolved carbon and 
total absence of DO. However, crops treated with diluted effluents showed 
moderate tolerance and better biomass as compared to concentrated effluents. 
Baruah and Das (1997) at Guwahati observed the effect of paper mill 
effluent on rice and reported delay in germination and reduction in final 
germination percentage upto 12.5%, as compared to control as effluent 
contained large amount of chloride, sulphate, carbonate, bicarbonate. 
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magnesium, calcium and sodium. Dutta and Biossya (1997) also studied the 
effect of Nagaon paper mill effluent on rice and reported inhibited seed 
germination and seedling growth at higher concentration. Shahalam et al. 
(1998) conducted an experiment in Jordan to study the effect of waste water 
irrigation as soil percolating water and crop growth. The experimental plots 
with three crops: leuceme, radish and tomato were irrigated with freshwater 
and wastewaters. Each crop was given two sub-treatments: with fertilizer and 
without fertilizer and reported that the resulted yield from the use of 
wastewater with fertilizer were compatible with those of the uses of freshwater 
with fertilizer. Siebe (1998) in Maxico studied the effect of long term irrigation 
with untreated sewage effluent on soil fertility and nutrient supply on alfalfa 
and reported that wastewater improved the nutrient balance of soil in respect to 
total nitrogen and available phosphorus. Calcium in alfalfa decreased, while 
phosphorus and sodium increased after several years of wastewater irrigation. 
Rajannan et al. (1998) at Coimbatore (Tamil Nadu) composted the press mud 
and distillery effluent and applied it to sugarcane and reported that addition of 
2.5 t ha'' effluent based compost improved the yield and also soil fertility level, 
especially the K status. 
Darwish et al. (1999) in Lebanon recommended the reuse of secondary 
wastewater for production of banana, leuceme, tomato, cucumber, melon, 
capsicum, rose and carnation under three conditions. First represented 
optimally under existing cropping pattern while second and third new crops 
were introduced. Lowest net return was obtained under first condition, whereas 
higher profits were achieved under the other two. 
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Dhevagi and Oblisami (2000) in Tamil Nadu observed the effect of 
paper mill effluent on maize, groundnut, sunflower, soybean, blackgram, 
sesame and castor beans and reported that it affected germination percentage of 
maize, groundnut, soybean and blackgram and the highest reduction in vigour 
index was observed in castor bean and sesame. Baumgartei and Fricke (2000) 
in Germany carried out studies to monitor the soil nitrogen levels during 
autumn-winter after the application of wastewater from starch potato factories 
in late summer. The uptake of N and K by mustard, green manures, cover and 
catch crops was monitored and finally recommended its application. Reboll et 
al. (2000) in Spain applied wastewater from a sewage treatment plant on young 
citrus trees and observed no detrimental effects. Kanwar and Sandha (2000) 
also studied the wastewater pollution injury to vegetable crops. Wastewaters 
were contaminated with trace elements and heavy metals like lead, cadmium, 
nickel, mercury, uranium, copper, zinc, boron, cobalt, chromium, arsenic, 
molybdenum and manganese and reported the sensitivity of vegetable crops, 
such as lettuce, parsley, cabbage, onion, spinach, carrot, funnel, radish and 
tomato. 
Chow et al. (2001) studied the effect of primary and secondary 
municipal wastewater on cultivation of lettuce {Lactusa sativa) and Chinese 
cabbage {Brassica chinensis). Seedlings were grown in three treatments; 
primary effluent, secondary effluent and half strength nutrient solution 
(control). They observed the phytotoxicity symptoms on Chinese cabbage 
grown in both primary and secondary effluent while butterhead grew to 
maturity with little adverse effects. However, the yield of butterhead lettuce 
and Chinese cabbage was lower than those grown in control. Primary effluent 
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produced the lowest yield. In the same year, Kannan at Periyakulum also 
applied distillery effluent in different concentration to green gram and pearl 
millet and reported that there was no germination in seeds irrigated with 100% 
effluent whereas irrigation with 1% effluent gave the highest germination 
percentage, shoot length and root length. 
Ramana et al. (2002a) at Bhopal (MP) conducted a field experiment 
with groundnut to evaluate the potential of three distillery effluents, raw spent 
wash (RSW), biomethanated spent wash (BSW), lagoon spent wash (LSW) and 
NPK -^ FYM in addition to a control and found that all the three effluents 
increased the total chlorophyll content, crop growth rate, total dry matter, NPK 
uptake and seed yield but inhibited the nodulation and decreased the nitrogen 
fixation. BSW produced seed yield double of control followed by RSW 
however, it did not affect the protein and oil content. They concluded that these 
effluents can reduce the fertilizer requirement of crop. However, crop 
performance and yield with effluent was overall less than produced by NPK + 
FYM. In the same year Ramana ei al. (2002b) while taking 0, 5, 10, 15, 20, 
25, 50, 75 and 100% concentration of RSW observed the effect on tomato, 
chilli, bottle gourd, cucumber and onion and noted that 5% concentration was 
critical for seed germination in tomato and bottle gourd and 25% for other 
crops. Patel et al. (2002) conducted a experiment to investigate the feasibility 
of using brackish water (at 1, 5 and 9 dS/m) for growing moderately sensitive 
crops. The effects of a factorial combination of 3-sub-irrigations on water 
salinity levels, 2 water table depths and 4 NPK fertilizer combination on salt 
build-up in an initially non-saline soil and on green pepper performance were 
assessed. They reported that there was no significant difference in yields due to 
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either salinity of subirrigation water or water table depth. Green peppers were 
successfully grown in non-saline soils under subirrigation using brackish 
waters having ECiw values as high as 9 dS/m. 
Papadopoulos and Savvides (2003) conducted an experiment to study 
the use of nitrogen in the treated wastewater on the yield of green pepper, 
eggplaQts and sudax. Yield results indicated the superiority of the treated 
wastev/ater and its ability to produce high yield with less N fertilizers. In the 
same year, Dengyi and Youbao studied the effects of irrigation with sewage 
water on the growth and scavenging system of activated oxygen in Phaseolus 
radiatus and Raphanus sativus. The seedlings were irrigated for 14 days, and 
the in-igation water was changed and activity of peroxidase, superoxide 
dismutse and catalase was decreased. Jimenez and Lao (2004) supplied the 
Capsicum annuum plants with dry olive mill wastewater (DOMW), DOMW + 
peat, or manure in a greenhouse experiment conducted in Spain and reported 
that peat have highest organic matter content, whereas DOMW recorded the 
highest mineral fraction. DOMW reduced the solution pH and increased the 
size of the fruits. 
Dursun et al. (2005) noted the effects of sewage sludge on seed 
germination, seedling development, and macro and micronutrient contents in 
pepper cv. ilica-256. Plants were grown in substrates with soil: Pumica: organic 
fertilizers ratio of 40:20:40, organic fertilizer mixture comprised farmyard 
manure (FYM): sewage sludge ratio of 100:0, 75:25, 50:50 and 0:100. Plant 
development parameters, as well as K, P, Mn, Zn, Cu, B, Mo and Cd contents 
increased with increasing sewage sludge application. A contamination of FYM: 
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sewage sludge at 50:50 increased seedling development and mineral contents. 
Sousa et al. (2006) made an evaluation on the performance of cultivated green 
pepper submitted to five different treatments: (1) irrigation with well water and 
soil without fertilizer; (2) irrigation with well water and soil with mineral 
fertilizer application;(3) irrigation with well water and soil with organic 
fertilizer; (4) irrigation with polishing pond effluent; (5) irrigation with upflow 
an aerobic sludge blanket (UASB) reactor effluent. The data revealed that the 
highest productivity of green pepper was observed when organic fertilizer was 
used. 
Gupta et al. (2007) in West Bengal made an assessment of heavy metal 
contamination in vegetable grown in waste water-irrigated areas of Titagarh 
and reported that mean concentrations of Pb, Ni, Cu in the irrigated water and 
mean Cd content in soil were much more above the recommended level. The 
concentrations of Pb, Zn, Cd, Cr and Ni in all the examined vegetables was 
beyond the safe limits. Thus the study revealed that heavy metal-contaminated 
vegetable grown in wastewater irrigated area may pose public health hazards. 
2.2 B f^fect of NPK on Chilli {Capsicum annuum L.) 
Sumarna and Kusandriani (1994a) conducted a experiment at 
Lembang Horticulture Research Institute to study the effect of source and 
application of NPK compound fertilizer on growth and yield of sweet pepper 
cv. Delphin EZ. Treatment consisted of two factors. First factor (A) source of 
fertilizer were: al. Kristalon, and a2. Rustica yellow. Second factor (B) 
fertilizer application technique were bl. Fertigation and b2. non-fertigation. 
The results revealed that Kristalon gave the best response to the growth of 
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Paprica (diameter of branch, leaf area and fruit weight). However, the fertilizer 
application did not significantly differ on growth and yield. Sumarna and 
Kusandriani (1994b) in the same year also conducted another experiment to 
observe the effects of dosage of urea and KCl with pruning of branch on the 
growth and yield of sweet pepper of California Wonder cultivar. Treatment 
consisted of two factors, first factor combination of urea and KCl dosage i.e. 1. 
v/ithout nitrogen and potash supply, 2. supply of 0.45 g N and 0.45 g K2O per 
plant, 3. 0.99 N and 0.99 K2O per plant, 4. 1.35 g N and 1.35 g K2O per plant, 
second factor was: 1. without pruning; 2. puming with maintenance of 2-3 
tertier branches; 3. pruning with maintenance of 4-6 tertier branches; 4. pruning 
with maintenance of 8-12 tartier branches. The results revealed that the biggest 
size and the highest yield were obtained with combination of urea and KCl 
dosage 0.45 g N and 0.45 g K20/plant and branch pruning phase. 
Sontakke et al. (1995) investigated the effect of graded levels of 
nitrogen on growth and yield of the two cultivers of chillies {Capsicum annuum 
L.). Capsicum cultivers Pusa Jwala and Pant C-1 were given 0-120 kg N/ha. 
Red chilli yield was highest in cv. Pusa Jwala, It increased with rate of 
Nitrogen application. Mallangouda et al. (1995) investigated the performance 
of C, annum CV. Byadgi as influenced by companion crops garlic (Local cv. 
onions cv. Bellary red or coriander {Coriandrun sativa) local cv. and fertilizer 
rates (recommended dose of NPK and/or farmyard manure (FYM), or 50% 
recommended dose of NPK + FYM) at Dharward. At all fertilizer rates, the 
best yields of C. annuum were observed in the C. annuum + garlic cropping 
systems followed by the C. annuum + onion cropping systems. NPK + FYM 
improved the growth parameters as well as yield. The highest fruit yield was 
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observed in the C annuum + garlic system treated with the recommended dose 
of NPK + FYM. In the C. annuum + onion cropping system, the highest uptake 
of N was observed in the 50% recommended dose of NPK + FYM treatment, 
and the highest uptake of P was observed in the recommended dose of NPK + 
FYM treatment. The highest uptake of K was observed in the C. annuum + 
garhc cropping system treated with the recommended dose of NPK alone. 
Santamaria and Elia (1995) grown sweet pepper plants (Capsicum 
annuum cv. Lipari) to study the effect of nitrogen on Ammonium-fed plants 
(100:0) were characterized by poor root and shoot development, darker green 
coloured foliage and the lowest number of flower buds where as increasing the 
NO3 - N percentage in the nutrient solution, linearly increased the water use 
efficiency. Thus NO3 is the form of N preferred by sweet pepper. 
Johnson and Decoteau (1996) investigated the influence of nitrogen 
and Potassium rates in Hoagland's nutrient solution on Jalapeno pepper 
(Capsicum annuum L.) growth and pod production. They conducted two 
experiments to determine Jalapeno pepper sensitivity to differential 
fertilization. In one experiment seeded in April, nutrient treatment began at 
transplanting, and in other experiment seeded in May treatment began after all 
plants had flower buds and half had flowered. Biomass and pod production per 
plant responded curvilinearly to N rate in both experiments. Optimum N rate 
for pod yield was 15 mM. Biomass, fruit count, and fruit weight per plant 
increased linearly with increasing K rate in the first experiment, and 
curvilinearly with K rate in the second experiment, the optimum K rate for pod 
yield was 6 mM. Sharma ei al. (1996) conducted an experiment at Jabalpur to 
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study the response of chilli (Capsicum amuum L.) (cv. Jawahar Mirch 218)] to 
different levels of N and P and with uniform K. They reported that the yield of 
fruits significantly increased with increasing rates of N. The highest yield was 
recorded at the highest N rate and in P treatments. The highest yield (8.38 q/ha) 
was observed following treatment with 30 kg P205/ha. Thus the best treatment 
which promoted yield and profitability was 120 kg N + 30 Kg P205/ha. In the 
same year Srivastava reported the effect of fertilizer levels and spacing on 
flowering, fruit set and yield. He observed that the plants treated with 250 Kg 
N + 200 Kg P + 200 Kg K/ha gave highest number of fruits/plant, Fresh weight 
/ fruit, yield/plant and yield /ha. 
Maya et al. (1997) conducted field trials at Coimbatore, Tamil Nadu, to 
study the effect of spacing of 60x30, 60x45, or 60x60 cm and application of 0, 
50,100 or 150 Kg N/ha and 0, 50 or 100 kg P/ha. They reported that fruit yield 
and plant growth generally increased as N and P application rates increased. 
The highest yield was achieved with N and P application rates of 150 and 100 
Kg/ha, respectively. Maya et al, (1999) at Coimbatore, Tamil Nadu supplied 
crop with 0, 50, 100 and 150 kg/ha N and 0, 50 and 100 kg/ha P, and reported 
that LAI, total chlorophyll content and harvest index were highest when 150 kg 
N/ha-.- 100 kg P/ha was applied. NAR, RGR and CGR were not affected by N 
and P rates. Prabhakar and Naik (1997) carried out a field experiment at 
Bangalore to determine the effect of supplemental irrigation and nitrogen 
fertilization on growth, yield, nitrogen uptake and water use of green chilli crop 
and reported that increase in N application from60 to 180 kg/ha resulted in 60 
to 150% more fruit yield as compared to non-nitrogen treatment. Hegde (1997) 
reported that solanaceous vegetables (tomato, egg plant, chilli and bell peppers 
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(Capsicum spp.) generally take up large amount of nutrients. For tomato plants 
to produce 1 t fresh fruit, plants need to absorb, on average, 2.5-3 Kg N, 0.2 -
0.3 Kg P and 3-3.5 Kg K; egg plants need 3-3.5 Kg N, 0.2-0.3 Kg P and 2.5-3 
Kg K, while chilli and bell peppers need 3-3.5 Kg N, 0.8 - IKg P and 5-6 Kg 
K. Fruit and fruiting parts in the group of vegetables contain 45-60% of the 
total N, 50-60% of the total F and 55-70% of the total K absorbed by the plants 
and major proportion of the nutrients in fruits were absorbed from the time of 
flowering. Nutrients proportion in the fruit decline with increase in nutrient 
application and small proportion of N and still smaller proportions of P and K, 
found in fruits are translocated from the vegetative parts. The period of greatest 
nutrient requirement for N, P and K was from about 10 days after flowering to 
just before the fruit begin to ripen. Application methods such as fertigation, 
split application of fertilizers, use of slow release N fertilizers, and integrated 
use of fertilizers and organic sources of nutrients have proved very effective in 
increasing nutrient use efficiency and crop productivity, and reducing nutrient 
losses. 
Revanappa et al. (1998) carried out a field experiment at Dharwad to 
investigate the effect of N on branching, dry matter production and yield of 
three variety of green chilli and reported that Nagari produced the highest 
number of branches of all orders, FM, DW and green chilli yield. N at 250 
kg/ha gave the highest yield, DW and FM with the maximum number of 
primary, secondary and tertiary branches/plant. Koentjore and Dewanti 
(1998) investigated the effect of nitrogen fertilizer and soil water content on the 
gro\A4h and yield of chilli. They gave 100 kg/ha, 150 kg/ha and 200 kg/ha 
nitrogen with water treatment 40%, 60%, 80% and 100% field capacity and 
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reported that both of the treatments gave interactive influence on height, 
number of flower, percentage of fruit set, number and weight of fruit. 
Wijayani et al. (1998) studied the effect of nitrogen concentrations and the 
kinds of media on the quantity and quality of bell pepper fruits in a plastic 
house in Gadjah Mada University (Indonesia). They considered two factors one 
is growing media consisted of three levels i.e. sand, charred rice hull and mix 
of them and other factor was nitrogen concentration consisted of 100 ppm, 180 
ppm, 260 ppm and 340 ppm. They reported that best quality and quantity was 
on the combinations of 180 ppm nitrogen and mix media. 
Qawasmi et al (1999) applied 0, 150, 250 and 350 kg/ha nitrogen and 
reported that the yield and marketable number of fruits increased with the 
addition of nitrogen. The highest yield was obtained with the addition of 150 
kg N ha"\ Balakrishnan (1999) reported that plant growth and fruit yield was 
reduced considerably in nitrogen deficient treatment but was only slightly 
affected by calcium deficiency. Deolankar and Firake (1999) observed that 
fertigation supplying 75% of the recommended dose of NPK through solid 
soluble fertilizers was as good as applying 100% of the recommended dose of 
conventional fertilizer. Applying 125% of the recommended dose of fertigation 
further increased yields. 
El-Masry (2000) at Fayoum, Egypt revealed that potassium fertilizer 
application increased yield, field components and marketably yield as well as 
fruit dry weight. Chlorophyll and carotene concentrations in the leaves were 
not influenced by K levels. Fruit quality in terms of total soluble solids, 
titratable acidity and ascorbic acid were affected by K treatments. Aliyu 
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(2000a) at Samaru, Nigeria applied farmyard manure + poultry manure at 5 t 
ha"' supplemented with 50 kg N ha"' which gave significantly higher fruit yield 
compared with other treatments. High rates of combined organic and mineral 
fertilizers, significantly reduced crop establishment and caused excessive 
vegetative growth. Mineral N fertilization resulted in higher concentrations of 
N, P and K in fruits. Aliyu (2002b) also at Samaru, Nigeria studied the effect 
of N (0, 80, 160, 360 kg/ha), P (0, 22 and 44 kg/ha) on the growth and dry fruit 
yield and reported that leaf-area index and relative grov^h rate as well as aerial 
phytomass showed a positive significant response to N application. The effects 
of P on dry weight and growth analysis indices were less marked. Significant 
increases in the yield both per plant and per hectare were obtained upto 240 kg 
N/ha. Application of P at 22 kg P/ha was adequate for dry fruit yield. 
Sajid et al. (2001) at Peshawar, Pakistan reported that different levels of 
N and P significantly affected plant height, number of branches per plant, 
number of fruits per plant and fruit yield. The tallest plants the maximum 
branches and the highest number of fruits and fruit yield were recorded when N 
and P each were applied at rates of 150 kg/ha and when N alone was applied at 
the rate of 200 kg/ha, respectively. Viloria et al. (2001) gave four doses of 
NPK (0-0-0, 172-0-0, 137-50-83 and 180-55-124 kg/ha) and reported that NPK 
at 180-55-124 kg/ha recorded the highest diameter, fresh weight and dry weight 
of the stem. Fresh and dry weight of the leaves were highest with 137-50-83 
and 180-55-124 NPK/ha. Hossain et al. (2001) at Orissa reported that plant 
height, number of branches, flowering, fruit maturity, number of fruits, yield 
and economic returns were significantly affected by fertilizer rates and 
application of 120 kg N/ha 30 kg P/ha and 30 kg K/ha obtained the optimum 
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yield with the highest net returns. Posca et al. (2001) in Italy reported that 
when N fertilizer (0., 100, 200 or 300 kg/ha) applied as 4 split fertigation 
treatments from transj3lanting to the initial swelling of the fruit and P (150 
kg/ha) and K (200 kg/ha) were applied during soil preparation then the absence 
of N had no effect on water status of the crop, but photosynthesis decreased by 
21 % in 1st year and 42% in the Ilnd year with more nitrogen available, the rate 
of photosynthetic assimilation at the same transpiration rate increased and 
water use efficiency increased significantly. N rates had little effect on 
transpiration, stomatal resistance or the chlorophyll a:b ratio. N deficiency 
adversely affected leaf growth, total biomass and yield of marketable fruit. 
Dange et al. (2002) in Maharashtra investigated the effect of 
combinations of 100, 75 and 50% recommended rate of N:P:K (120:80:50 
kg/ha) and 100, 50 and 25% of organic fertilizers farmyard manure (FYM, 40 
t/ha), taracane (2 t/ha) and Celrich (2.5 t/ha) and reported that application of 
50% recommended rate of Celrich along with 50% of the recommended rate of 
inorganic fertilizer resulted in the highest vegetative growth, yield and quality 
of chilli. Channabasvanna (2002) conducted a field experiment in 
Maharashtra to study the effect of NPK fertilizer rates (150: 75: 75, 225: 112: 
112 and 300: 150:150 kg/ha) on the yield and reported that pod weight, weight 
per pod, dry weight, net returns and benefit cost ratio were increased with 
increasing NPK rates. Aman et al. (2002) conducted a field experiment with 0, 
50, 100, 150, 200 and 250 kg ha"' doses and reported plant height, number of 
branches and yield ha' were improved with the application of 150 kg 
nitrogen/hectare. Maximum fruits were obtained in 100 kg N ha'. Naeem et al. 
(2002) conducted an experiment to study the influence of various levels of 
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nitrogen (0, 30, 60, 90 kg ha"') and phosphorus (0, 30, 60 kg ha"') with a 
constant dose of potash (30 kg ha"') on the growth an yield of chilli cv. Sanam. 
Results revealed that there was a significant difference in days to flowering, 
days to fruiting, number of branches, plant height, number of fruits, length of 
fruit and total yield. Minimum days of flowering (42 days) and days to fruiting 
(54 days) were recorded in plots fertilized with (30-60-30 kg NPK/ha) and (30-
30-30 kg NPK/ha) respectively. Maximum number of branches per plant, plant 
height, number of fruits and total yield was recorded in plots fertilized with 90-
60-30 kg NPK/ha. 
Villa Castorena et al. (2003) conducted a experiment with nitrogen 
application rates 80, 140 and 200 kg ha' in 1999 and 30, 90 and 150 kg ha' in 
2000. They reported that low and medium N rates produced the maximum 
relative crop growth (RCG) up to the first mature pod stage. After this growth 
stage, the maximum RGR was achieved with the medium and the high N rates 
tested in 1999 and 2000, respectively. Increasing N rates and salinity levels 
interacted to reduce chile pod yield in 1999 and acted independently in 2000. 
Villa-Castorena et al. (2006) studied the effects of soil salinity on the uptake, 
transport and concentrations of Na and CI in chilli {Capsicum annuum cv. 
Sandia) plants grown on sandy loam soil under various N levels (80, 40, and 
200 kg/ha) were studied under greenhouse conditions and reported that the 
increase in the N fertilizer rate increased the Na and CI contents of stem and 
leaves. Shehata et al. (2004) carried out an investigation in Egypt, to study the 
effect of some organic manures on growth, and chemical composition. This 
investigation included 16 treatments. Treatments which received NPK + 
chicken manure + compost at a rate of (1/3 + 1/3 + 1/3) increased plant height, 
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number of leaves and stem as well as their fresh weight and increased 
concentration of N, P and K in leaves and stems. The same treatment increased 
total yield and physical properties, including the length, diameter, weight of 
fruit and flesh thickness and chemical composition such as ascorbic acid, 
acidity, carotenoids and total soluble solids of pepper fruits. Baloch et al. 
(2004) in Pakistan studied the response to different NPK rates (35-30-25, 47-
42-37, 59-54-49,71-66-61 and 83-78-73 kg/ha) and reported that application of 
NPK at 83-78-73 kg/ha resulted m 3.42 branches per plant, 86.36 fruit/plant 
and 4134.33 kg fruit yield/ha, as well as 104.33 g fruit per plant, 9.90 mm fruit 
diameter and 7.95 cm fruit length and application of NPK at 71-66-61 kg/ha 
resulted in 62.99 cm plant height, 3.35 branches per plant, 85.19 fruits per 
plant, 101.67 g fruit/plant, 9.81 mm fruit diameter, 7.87 cm length of fruit and 
4018.67 kg fruit yield/ha. 
Anu et al. (2005) conducted a field experiment with of NPK rates 
(50.3:30:18.8, 75:40:25 and 93.8:50:23.5 kg/ha) corresponding to 75, 100 and 
125% of the recommended rates, respectively) and biofertilizers {Pseudomonas 
and Azospirillum, singly or in combination) in Kerala. Among the NPK 
treatments, 125% of the recommended NPK rates resulted in the greatest plant 
height at 60 and 90 days after transplanting, number of branches at 60 and 90 
DAT, dry matter production, shoot root ratio, and canopy spread. 
Ramakrishna and Palled (2005) at Dharwad Kamataka studied the effect of 
different plant spacing and fertilizer levels on the growth and yield and 
reported that fruit yield, number of fruits, fruit weight, 100-fruit weight, total 
dry matter production and leaf area index were significantly higher in plants 
supplied with 150:75:75 kg/ha of N : P2O5 : K2O. Chauhan et al (2005) 
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investigated the effects of N (60, 120, 180 or 240 kg/ha) and P (60, 120 or 180 
kg/ha) fertilizers, singly or in combination, on the growth and yield in 
Uttaranchal. They reported that N at 120 kg/ha gave the highest fruit yield, 
plant height, number of leaves and leaf area. The number of days to 50% 
flowering and initial harvesting was lowest with 60 kg N/ha. Plant height, 
number of leaves, leaf area and fruit yield increased with the increase in the P 
rate up to 180 kg/ha. The number of days to 50% flowering and number of days 
to initial harvesting were also lowest (36.33 and 58.33) with 180 kg P/ha. 
Among various N and P combinations, 120 kg N + 60 kg P/ha recorded the 
greatest plant height, number of leaves and fruit yield. Ghoname and Shafeek 
(2005) studied the effect of different N-fertilizer sources i.e. organic, mineral 
(100-75-50 kg NPK/ha) and biofertilizer on the growth and productivity. They 
reported that application of organic, mineral, or biofertilizer alone had a little 
effect compared with mixed application of 2 of them or combined application 
of all of them. Leghari and Oad (2005) conducted an experiment in Pakistan 
to study the effect of nitrogen fertilizer regimes on the growth and yield of 
chillies cv. Sanam N at 0, 30, 60, 90, 120 and 150 kg/ha was supplied and 
parameters evaluated were: plant height, branch number/plant, fruit length, fruit 
number/plant, green fruit weight and green fruit yield. They reported that the 
values for the parameters, including the yield, increased with increasing N 
rates. Madeira and Varenner (2005) make the evaluation of both leaf 
expansion and chlorophyll content in potted sweet pepper plants subjected to 
four different levels of nitrogen i.e. Ni = 25 (basal dressing); N2 = 50 (basal 
dressing); N3 = 100 (basal dressing and one side dressing); and N4 = 15- (basal 
dressing and two side dressing). The relative chlorophyll content of leaves 1 to 
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5, from all treatments, was obtained by a portable chlorophyll meter, SPAD-
502. The plant dry weight, the number of fruits per plant, and the N content of 
leaves were measured at final harvest until the first side dressing, the increase 
in chlorophyll content was similar in all treatments, decreasing afterward under 
the Ni and N2 treatments (leaves 1 and 2), while under N3 and N4 treatments 
the increase in chlorophyll content continued after the first side dressing. The 
application of the second side dressing (53 DAT) under the N4 treatments 
induced a subsequent increase in chlorophyll content in all leaves compared 
with those ofNs. 
Khurana et al. (2006) conducted a field experiment at Ludhiana, 
Punjab to study the effect of split-applied N fertilizer (0, 60, 90, 120, 150 and 
180 kg/ha) on the growth and yield of chilli cultivars. Result revealed the 
highest mean crop yield was obtained with 150 kg N/ha. Jan et al. (2006) 
carried out a field experiment to determine the optimum level of fertilizer and 
plant spacing for sweet pepper at Juglote, Pakistan. Three plant spacings 
(45x30, 60x45 and 75x60 cm) were randomly assigned to main plots and five 
fertilizerlevels(0:0:0, 75:50:30,100:70:50, 125:90:70 and 150:110:90kgN:P 
: K/ha) to subplots. Most of the parameters, except for number of branches and 
fruit weight, were significantly affected by the different levels of fertilizer. The 
greatest plant height, number of fruits per plant, fruit weight, yield per plant 
and yield ha"' were recorded with the applicafion of 125: 90: 70 kg N : P2O5 : 
KzO/ha. 
Chaudhary et al. (2007) conducted a experiment to study the effect of 
spacing (45 x 50, 60 x 50 and 75 x 50 cm), N (at 100,150, 200 and 250 kgAia) 
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and P (at 100, 150 and 200 kg/ha) on the growth and yield of Capsicum 
annuum var. grossum hybrid in Uttar Pradesh and reported that maximum fruit 
yield v a^s obtained with N at 250 kg/ha, while P application increased yield by 
increasing fruit number and fruit yield/plant at concentration up to 150 kg/ha. 
On the basis of the review undertaken it may be concluded that 
sufficient literature was available on chilli in respect of NPK fertilization, 
fiowever, it was not observed under waste-water irrigation as many vegetable 
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MATERIALS AND METHODS 
A pot experiment was conducted during kharif season of 2008 in the 
net-house of plant physiology, Department of Botany, Aligarh Muslim 
University, Aligarh. The trial was carried out to assess the suitability of 
wastewater in presence of NPK fertilizers for growth and yield of two varieties 
of chilli {Capsicum annuum L.). It may be pointed out here that wastewater 
was the mixture of industrial, sewage and household wastewater which were 
thrown out in a drain going outside the city along the road of Aligarh-Mathura 
and is commonly used as a source of irrigation water for the cultivation of 
various types of vegetable crops marketed locally as well as adjoining areas 
and cities. 
3.1 Nomenclature of chilli 
The proper nomenclature of chilli {Capsicum annuum L.) is as 
follows: 
Kingdom - Plantae 
Class - Dicotyledons 
Order - Polemoniales 
Family - Solanaceae 
Genus - Capsicum 
Species - Capsicum annuum 
3.2 Botanical description 
Capsicum plants are herbaceous or semi woody annuals or perennials. 
The leaves are ovate tapering to a sharp point, entire upto 15 cm long, dark 
green on the upper surface and light on the lower surface. The flowers are 
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small, white and borne single or in clusters of 2 or 3 in the axils of the leaves. 
The fruits are of diverse shapes and sizes depending upon the variety. 
3.3 Agroclimatic conditions of Aligarh 
Aligarh city is situated in western Uttar Pradesh, 135 km away from 
Delhi, the capital of India. It occupies an area of 5024 km and is located at 
2T5T latitude and 78°51' longitude and has an elevation of 187.45 meter. The 
climate is semi-arid and subtropical with severe hot dry summers and intense 
cold winters. Winter starts from October upto March, where December and 
January are the coldest months, as the average temperature may go down upto 
2°C. Summer extends from April to June and the temperature goes upto 46 or 
47°C in the months of May and June. The mean annual rainfall is about 847.3 
mm. More than 85% of the total downpour is delivered during a short span of 
three months from June to August. The remaining commonly occurs in winters 
as winter rain.. 
3.4 Soil 
Aligarh district has the same soil composition and appearance as that 
found generally in western Uttar Pradesh. Different types of soil such as sandy, 
loamy, sandyloam and clayey loam are found in the district. The soil used 
during this experiment was sandy loam. 
3.5 Soil analysis 
Before sowing, soil samples were taken in small quantity randomly 
from each pot and in laboratory soil sample was spread on the sheet of paper 
and grounded with the help of mortar and pestle and passed through a 2 mm 
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sieve, it was analysed for the following physico-chemical characteristics 
(Table 1). 
3.5.1 Soil texture 
Texture refers to the relative proportion of sand, silt and clay. It is an 
important soil property because it is closely related to the rate of water intake, 
water supplying power, fertility, erosion, aeration and energy required to till the 
soil. It was determined by the field method by rubbing or feeling the soil 
between thumb and fingers. The soil was moderately gritty, formed fairly firm 
ball which was easily broken and stained the finger indicating the 
characteristics of sandy loam soil. 
3.5.2 Hydrogen ion concentration (pH) 
It was estimated with the help of pH meter. For this 20 g of soil, 40 ml 
of distilled water was shaken thoroughly. After 30 minutes, pH of the 
suspension was recorded. The pH meter was calibrated with a standard buffer 
of known pH (Jackson, 1973). 
3.5.3 Electrical conductivity (EC) 
It is a numerical expression of the ability of sample to carry electric 
current which depends on the total concentration of the ionized substances 
dissoh'ed and the temperature at which the measurement is made. 10 g of soil 
was shaken intermittently with 40 ml of distilled water in 150 ml conical flask 
for 1 hour and then allowed to stand. The conductivity of the supernatant liquid 
was measured with the help of conductivity meter. The apparatus was adjusted 
to 25°C of the solution (Jackson, 1973). 
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Table 1. Physico-chemical characteristics of soil collected before sowing 
- (nig r') 
Determinants Soil 
Texture Sandy loam 
Cation exchange capacity (CEC) (meq 100 g'' soil) 3.30 
PH 7.74 
Electrical conductivity (EC) (|i mhos cm"') 285 
Calcium (Ca^ "^ ) 29.30 
Magnesium (Mg^ )^ 14.62 
Carbonate (CO3") 18.08 
Bicarbonate (HCO3') 185 
Total dissolved solids (TDS) 779.0 
Materials and Methods 
3.5.4 Cation exchange capacity (CEC) 
CEC of the soil sample was determined by the method of Ganguly 
(1951). 10 g of soil was placed in a flask to which 10 ml of 2N HCl was added. 
It was shaken for half hour and then passed through Whatman No. 1 filter 
paper. In order to make the soil chloride - free, it was repeatedly washed with 
distilled water. It was transferred to another flask to which 10 ml saturated KCl 
was added and kept overnight. Then, it was titrated with O.IN NaOH 
[Appendix A.4(i)] using phenolphthalein as indicator [Appendix A.5(i)]. From 
the amount of sodium hydroxide required, the CEC of soil sample was 
calculated as follows -
Volume of 0. IN NaOH x N of NaOH 
CEC = 
Wt. of soil sample 
3.5.5 Available phosphorus 
To the 2.5 g of soil in 100 ml conical flask a pinch of Draco G-60 was 
added followed by 50 ml of olsen's reagent [Apendix A.l(i)]. A blank was also 
run. The flask were filtered through Whatman No. 1 filter paper. In the filtrate, 
phosphorus was estimated colorimetrically using the method of Dickman and 
Brays (1940). 5 ml of soil extract was pipetted into 25 ml volumetric flask and 
5 ml of Dickman and Bray's reagent [Appendix A.l(ii)] was poured drop by 
drop with constant shaking till effervescence due to CO2 evolution ceased. The 
inner wall of the neck of the flask was washed with distilled water and the 
contents diluted to about 22 ml. Then, 1 ml of stannous chloride solution 
[Appendix A.l(iii)] was added and volume made upto the mark. The intensity 
of blue colour was read at 660 nm on a "spectronic 20" colorimeter. 0.439 g of 
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potassium dihydrogen orthophosphate (KH2PO4) was dissolved in about half 
litre of DDW. To this, 25 ml of 7N H2SO4 [Appendix A.l(iv)] was added and 
volume was made upto 1 litre with distilled water, giving 100 ppm stock 
solution of phosphorus. From this, 2 ppm solution was made after 50 times 
dilution. For the preparation of standard curve different concentrations of P (1, 
2, 3, 4, 5 and 10 ml of 2 ppm phosphorus solution) were taken in 25 ml 
volumetric flasks. To these, 5 ml of extracting reagent (Olsen's reagent) was 
added. The colour was developed by adding Dickman and Bray's reagent and 
stannous chloride and read at 660 nm. A blank was run without the sample. The 
curve was plotted and amount of? was calculated from the curve. 
3.5.6 Preparation of soil extract for calcium, magnesium, carbonate and 
bicarbonate 
100 g soil was transferred to a 750 ml flask. To this 500 ml distilled 
water was added and the flask was shaken for about 1 h. The contents were 
then filtered through Buchner funnel. 
3.5.6.1 Calcium 
It was estimated according to the method of Chopra and Kanwar (1982). 
To 25 ml extract, 2-3 crystals of carbamate and 5 ml of 16% NaOH solution 
were added. Then it was titrated against 0.0IN EDTA [Appendix A.2(i)] using 
murexide indicator [Appendix B.2(ii)] till colour changed from orange red to 
purple. 
3.5.6.2 Magnesium 
To 25 ml extract, 1 ml of NaCN (2%) was added. Then 5 ml ammonium 
chloride-ammonium hydroxide buffer was added followed by titration with 
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0.0 IN EDTA [Appendix A.2(i)], using eriochrome black-T as indicator 
[Appendix A.3(i)], whole colour changed from green to wine red (Chopra and 
Kanwar, 1982). 
3.5.6.3 Water soluble salts 
In irrigated areas it is very important to know the salt content of the soils 
because these soils are in danger of becoming saline or alkaline of the various 
salt constituents of the soil carbonates and bicarbonates were determined. 
3.5.6.3.1 Carbonates and bicarbonates 
Estimation was done following the method of Richards (1954). 50 ml 
soil sample extract (1:5) was taken in a conical flask and 2 drops of 
phenolphthalein indicator [Appendix A.5(i)] were added. Appearance of pink 
colour indicate the presence of carbonate. It was titrated with COIN H2SO4 
[Appendix A.5(ii)] till the solution become colourless. To the colourless 
extract, a few drops of methyl red indicator [Appendix A.5(iii)] were added. 
The yellow coloured extract was titrated with O.IN H2SO4 [Appendix A.5(ii)]. 
The final colour was changed to rose red. 
Calculcition -
1000 




Bicarbonate (meq/I) = (Z-2 y) x 2 normality of H2SO4 x 
ml of aliquat 
= (Z-2y) X 2 
where, y = reading of burette for the titration of carbonates 
z = reading of burette for the titration of bicarbonates. 
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3.5.7 Total dissolved salts 
This was determined to evaluate the concentration of total dissolved 
solids present in the soil. For this, 50 ml extract of the sample (1:5) was taken 
in a weighed beaker which was kept in an oven for evaporation of water. After 
complete evaporation, it was reweighed and the amount of dissolved salts was 
calculated by subtracting the initial weight of beaker. 
3,6 Cultural operations 
The pot experiment was laid out in randomized block design with three 
replications for each treatment. Earthen pots of 10" diameter were filled with 
farm soil at the rate of 5 kg for each pot. Soil was mixed thoroughly with 
farmyard manure in the ratio of 3:1 so as to maintain the organic matter. 
Inorganic fertilizers were added one day prior to sowing to avoid seed injury. 
Fertilizers were calculated on the basis that one hectare land contains 2 x 10^  
kg effective soil (Singh, 1988). The sources of fertilizers were urea for 
nitrogen, single super phosphate for phosphorus, and muriate of potash for 
potassium. Prior to trail, pots were irrigated lightly before sowing to maintain 
proper moisture in the sub-surface of the soil for proper germination. The seeds 
were sown manually one by one at the rate of 10 seeds/pot on 29* March 2008. 
After the establishment of the crop i.e. after 21 days of sowing, seedlings were 
thinned upto 3 plants/pot to maintain the uniformity. 
In order to check the aphids at fruiting stage, insecticidal spray of 
Monocrotophos, Bauvestine powder and Imedachloprid was done. Hand 
weeding was done twice during the entire crop season to keep the experimental 
pots free of weeds. Crop was irrigated prior to sowing with tap water while 
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after sowing irrigated with wastewater at alternate days. Before its use physico-
chemical analysis of wastewater was undertaken. 
3.7 Wafer analysis 
Wastewater was collected in sample bottles for analysis and in 50 litre 
jerry canes for watering to pots as and when required. For water analysis, 
sample bottles were carefully cleaned before use with chromic acid clearing 
mixture, then- the bottles were rinsed thoroughly with tap water and then with 
distilled water. The analysis of irrigation water was carried out according to 
APHA (1998). The following parameters were studied to ascertain the quality 
ofwater(Table2). 
3.7.1 Colour and odour 
Colour in water may be due to the presence of fine particles in 
suspension or due to mineral matter in solution. Odour results because of the 
micro organisms and certain gases generally present in wastewater. It was light 
black and slightly unpleasant in odour. 
3.7.2 Total dissolved solids (TDS) 
100 ml of water sample was taken in a weighed porcelain dish. It was 
evaporated to dryness on a water bath. Drying was finished in an oven at 
105'^ C, then it was cooled in a desicator and weighed. The weight of the residue 
represented total dissolved solids. 
A-B X 1000 
TDS (gl-) K _ 
V 
Where, A = Final weight of dish 
B = Initial weight of dish 
V = Volume of sample taken 
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3.7.3 Electrical conductivity (EC) 
Sample were directly read with the help of a conductivity meter by 
taking the solution in a beaker. The apparatus was adjusted to a known 
temperature (25°C) of the solution. 
3.7.4 Hydrogen ion concentration (pH) 
It was determined with the help of pH meter, after the latter was checked 
and adjusted with standard buffer of known pH. 
3.7.5 Total solids (TS) 
100 ml of unfiltered sample was taken on evaporating dish and was 
allowed to evaporate on water bath. 
A-B X 1000 
Total solids (gl"') = 
V 
Where, A = Final weight of dish 
B = Initial weight of dish 
V = Volume of sample taken 
3.7.6 Total suspended solid (TSS) 
These were determined by calculating the difference between the total 
solids and total dissolved solids. 
TSS(gr') = TS-TDS 
3.7.7 Biochemical oxygen demand (BOD) 
It is widely used to determine the pollution power or strength of sewage 
and industrial wastewater in terms of the oxygen that micro-organism will 
require if discharged into natural water. 
Materials and Methods 
Different volumes of the effluent samples were placed in the BOD 
bottles (300 ml) to get several dilutions of the sample to obtain the required 
depletions ranging between 0.1 to 1.0%. These bottles were filled with distilled 
water, stoppered and incubated for 5 days in the incubator maintained at 20°C. 
The dissolved oxygen of these samples was determined first by adding 2 ml of 
manganese sulphate solution [Appendix B.l(i)] followed by 2 ml alkaliazide 
reagent [Appendix B.l(ii)] by mean of a graduated pipette by dipping its end 
well below the surface of the liquid. The bottles were stoppered and mixed well 
by inverting them. The bottles were allowed to stand till the precipitate settled 
half away, leaving a clear supernatant above the manganese hydroxide floe. 
The stopper was removed and 2 ml sulphuric acid was immediately added. 
Each bottle was restoppered and the contents were mixed by gentle inversion 
until dissolution was complete. 203 ml of the sample was taken in a 500 ml 
conical flask, 2 ml starch indicator added and titrated against O.025N sodium 
thiosulphate [Appendix B.l(iii)] solution till the disappearance of blue colour. 
The reading of sodium thiosulphate used up was indicative of the dissolved 




Where, D, and D2 are the dissolved oxygen of the diluted samples. 15 minutes 
after the preparation of the sample and after 5 days of incubation, respectively 
and P is the decimal fraction of the sample used. 
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3.7.8 Chemical oxygen demand (COD) 
For estimation of chemical oxygen demand (COD) 0.4 g of mercuric 
sulpiiate was placed in a refluxing flask and 20 ml of the sample was added. 
These were mixed well and 10 ml of 0.25N potassium dichromate [Appendix 
B.2(i)] was added to it followed by 30 ml of sulphuric acid and a small amount 
of silver sulphate. A blank was run using distilled water instead of the sample. 
These were subjected to reflux for 2 h, cooled and then diluted to about 100 ml 
with distilled water. The contents were then titrated against standard ferrous 
ammonium sulphate solution [Appendix B.2(ii)[, using ferroin as indicator 
[Appendix B.2(iii)]. 
Calculation: 
(a-b) X C X 8,000 
mg r' COD = 
ml sample 
Where, a = ml of ferrous ammonium used for blank titration 
b = ml of ferrous ammonium sulphate used for sample titration 
c = normality of ferrous ammonium sulphate solution 
3.7.9 Total hardness 
It is the characteristics of water that represents the total concentration of 
calcium and magnesium ion expressed as calcium carbonate. 50 ml of the 
sample was taken into a conical flask and pH was maintained at 10+1 by the 
addition of buffer. Then, it was titrated with O.OIM EDTA [Appendix B.3(i)] 
using eriochrome black-T as indicator [Appendix A.3(i)]. Pink colour was 
changed to blue. It was calculated as follows: 
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AxBx 1,000 
Hardness (EDTA) as mg CaCOj/l = -
ml sample 
Where, A = ml titration for sample 
. B = mgCaCOs equivalent tol .0 ml EDTA titrant 
3.7.10 Calcium 
In a conical flask, 50 mi of water sample was taken and neutralized with 
acid. It was boiled for 1 min and then cooled. Then 2 mi of IN sodium 
hydroxide solution [Appendix B.4(i)], was added to maintain the pH at 12-13. 
After the addition of 1-2 drops of ammonium purpurate indicator [Appendix 
B.4(ii)], it was titrated slowly with O.OIM EDTA [Appendix B.3(iii)] and 




Ax Bx 1,000 
Calcium hardness as mg CaCOs/l = — 
ml sample 
Where, A - ml titration for sample 
B = mg CaCOs equivalent to 1.0 ml EDTA titrant at the calcium 
indicator end point. 
3.7.11 Magnesium 
It was estimated from EDTA and hardness titration (taken from total 
hardness estimation). 
Mg (ml 1"') - Total hardness (as mg CaCOa 1"^) - Calcium hardness x 0.244 
(asMgCaCOsl"') 
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3.7.12 Carbonate and bicarbonate 
Estimation was done following the method of Richards (1954). 50 ml 
water sample was taken in a clear flask. To this 5 drops of phenolphthalein 
indicator [Appendix A.5(i)] was added. The appearance of pink colour 
indicated the presence of carbonate, then it was titrated against 0.01 N 
sulphuric acid [Appendix A.5(ii)] till the solution turned colourless. To the 
above solution, 2 drops of methyl orange indicator [Appendix A.5(iii)] were 
added. It was again titrated against COIN H2SO4 till the colour changed from 
yellow to rose red. This indicated the presence of bicarbonate. 
1,000 
Carbonate (meq 1'') = 2Y x normality of H2SO4 x 
ml aliquot 
= 2Y x2 
1,000 
Bicarbonate (meq 1"') = (Z-2Y) x normality of H2SO4 x 
ml aliquot 
where, Y = reading of burette for titration of carbonate 
Z = reading of burette for titration of bicarbonate 
3.7.13 Chloride 
50 ml of water sample was taken in a flask and to this 0.5 ml potassium 
chromate indicator [Appendix B.6(i)] was added. It was titrated against 0.02N 
silver nitrate solution [Appendix B.6(ii)]. Chloride concentration in the sample 
was calculated as follows: 
(A-B) X 0.0141 X 35,450 
Mg/1 CI = 
ml sample 
Where, A = ml titration for sample 
B = ml titration for blank 
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3.7.14 Potassium 
The estimation of potassium was carried out directly with flame 
photometer at 768 nm using appropriate filter and a standard curve by taking 
known concentrations of potassium. A stock solution of 1,000 ppm K was 
prepared by dissolving 1.908 KCl in 1 litre DDW. From the stock solution 
aliquots were diluted in 50 ml volumetric flasks with ammonium acetate 
solution to give 10 to 40 ppm of K. These were read with the help of flame 
photometer after setting zero for the blank at 100 for 40 ppm K. l^ he curve was 
obtained by plotting the readings against the different concentrations (10, 15, 
20,25, 30, 35 and 40 ppm of K). 
3.7.15 Nitrate nitrogen 
First nitrate standard was prepared in the range of 0.1 to 1.0 mg f' N by 
diluting 1, 2, 4, 7 and 10 ml standard nitrate solution to 10 ml with DDW. 
Residual chlorine in the sample was removed by adding 1 drop sodium arsenite 
solution for each 0.10 mg CI and mixed. One drop was added in excess to 50 
ml portion. For colour development, numbers of reaction tubes were set in wire 
rack. To each tube 10 ml sample was added. The rack was placed in cool water 
bath and 2 ml NaCl solution was mixed well. Then 10 ml H2SO4 was added 
and cooled. 0.5 ml sulphanilic acid solution [Appendix B.7(i)] was added and 
the tubes swirled to mix and then placed in water bath at not less than 95°C. 
After 20 minutes, it was taken out and cooled in a cold water-bath. Reading 
was taken against a reagent blank at 410 nm. Standard curve was prepared from 
the absorbance values of the standard run together with the samples and 
correlated by subtracting their 'sample blank' values from their final 
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absorbance values. The concentration of NO2-N was read directly from the 
standard curve. 
3.7.16 Phosphorus 
To a 100 ml sample containing not more than 0.2 mg phosphorus and 
free from colour and turbidity, 0.05 ml phenolphthalein indicator was added 
drop wise to discharge the pink colour. If more than 0.25 ml was required, 
smaller sample was taken and diluted to 1,000 ml with distilled water. After 
discharging the pink colour with acid, 4 ml of molybdate reagent [Appendix 
B-8(i)] was added. After 10 minutes, the colour was measured 
spectrophotometrically at 690 nm and comparison with the calibration curve 
was made, using distilled water blank. 
mg P X 1000 
mg/1P = 
ml sample 
3.8 Experimental scheme 
The pot experiment was performed according to complete randomized 
block design during Kharif season of 2008. The aim of the experiment was to 
study the effect of wastewater and groundwater on two cultivars of Capsicum 
annuum L. var. G4 and Pusa Jwala under three levels of nitrogen i.e. 0, 30 and 
60 kg N/ha with uniform basal dose of phosphorus and potassium i.e. 60 kg 
P/ha and 50 kg K/ha respectively. The scheme of the treatments was given in 
Tables. 

































N.B.: A uniform basal dose of 60 kg P ha"' and 50 kg K ha'' was applied one 
day prior to sowing. 
Vi - Variety 1 (G4)' V2- Variety 2 (Pusa jwala) 
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3.9 Statistical analysis 
The data obtained was analyzed statistically taking into consideration 
the variables in each experiment according to Panse and Sukhatme (1985). The 
'F' test was applied to assess the significance of data at 5% level of probability 
P < 0.05. The model of analysis of variance is given in Table 4. Critical 
differences was calculated to compare the mean values of various treatments. 
3.10 Bionietric observation 
The observations were carried out at 30 days interval from 30 days 
after sowing (30 DAS) till harvest (120 DAS). There were total three samplings 
i.e. at 30, 60 and 90 DAS one plant from each pot was cut at the soil level at 
various sampling stages for analysis of different growth and physiological 
parameters. At harvest, i.e. at 120 days after planting, when pods are 2-3 inches 
long. Pods were collected at 10 days interval from one selected plant pof'. 
Then number of fruits plant", number of seeds fruif , fruit length, pedicel 
length, fresh weight of fruit and dry weight of fruit were recorded. The 
harvesting oi Capsicum annuum L. is not one day but of a definite time period 
from 120 DAS till plant ends. 
3.10.1 Growth characteristics 
t 
The following growth characteristics were observed at three stages. 
1. Shoot length plant'^  
2. Shoot fresh weight plant"' 
3. Shoot dry weight plant"' 
4. Leaf number plant"' 
5. Leaf area 
4^ 
Table A. Model of analysis of variance (ANOVA) of Experiment (Experimental 
design; randomized complete block design) 





A X B 
Error (b) 
Water (C) 
A X C 
B x C 















Materials and Methods 
6. Root length plant"' 
7. Root fresh weight plant"' 
8. Root dry weight plant" 
9. Branch number plant"' 
10. Bud number plant"' 
11. Flowers number plant"' 
3.10.1.1 Dry matter 
Plants collected were washed with tap water. These sampled plants were 
divided into different parts like root, stem and fruit corresponding to different 
sampling stages and were dried in hot air oven at 80°C for two days. The dried 
material were weighed on electronic and physical balance and weight was 
recorded as dry weight. 
3.10.1.2 Leaf area 
Leaf area was recorded by leaf area meter. 
3.10.2 Physiological parameters 
Following parameters were studied at three stages of growth 
1. Nitrate reductase activity 
2. Carbonic anhydrase activity 
3. Chlorophyll 'a' content 
4. Chlorophyll 'b' content 
5. Total chlorophyll content 
6. Carotenoid content 
7. Net photosynthetic rate 
8. Stomatal conductance 
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9. Water use efficiency 
10. L e af n itrogen content 
11. Leaf phosphorus content 
12. Leaf potassium content 
3.10.2.1 Nitrate reductase activity (NRA) 
h. was estimated by the method of Jaworski (1971) in fresh leaf samples. 
The leaves were cut into small pieces (1 cm ). 2.0 gm of these chopped leaves 
were weighed and transferred to plastic vials. To each vial, 2.5 cm^ of 
phosphate buffer pH 7.5 [Appendix C.l(i)] and 0.5 cm of potassium nitrate 
solution [Appendix C.l(iii)] was added followed by the addition of 2.5 cm^ of 
5% isopropanol [Appendix C.l(ii)]. These vials ere incubated in BOD 
incubator for 2 h at 30±2°C in dark. 0.4 cm^  of incubated mixture was taken in 
a test tube to which 0.3 cm"' each of sulphanilamide solution [Appendix 
C.l(iv)] and NED-HCl [Appendix C.l(v)] were added. The test tube was left 
for 20 minutes for maximum colour development. The mixture was diluted to 5 
cm with DDW. The absorbance was reach at 540 nm on spectrophotometer. A 
blank was run simultaneously with each sample. Standard curve was plotted by 
using known graded concentrations of NaN02 (sodium nitrite) solution. The 
absorbance of each sample was compared with that on the calibration curve and 
nitrate reductase activity (n mg"' h"^ ) was noted on fresh mass basis, 
3.10.2.2 Carbonic anhydrase activity (CA) 
Carbonic anhydrase activity was estimated by adopting the method of 
Dwivedi and Randhava (1974). The fresh leaf samples were cut into small 
pieces at a temperature below 25°C. 0.1 g of these pieces were weighed and 
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transferred to petriplates. The leaf pieces were cut further into smaller pieces in 
2.5 ml or0.2M cystein hydrochloride [Appendix A.5(iii)] and left at 4°C for 20 
minutes. The leaf pieces were blotted and transferred to a test tube containing 4 
cm'^  of phosphate buffer of pH 6.8 [Appendix C.2(ii)]. To this test tube, 2 ml of 
0.2M sodium bicarbonate solution [Appendix C.2(iii)] and 0.1 ml of 0.002% 
bromothymol blue [Appendix C.2(iv)] was added. The test tube was shaken 
gently and left at 4°C for 20 minutes. CO2 liberated by the catalytic action of 
CA on NaHCOj was estimated by titrating the reaction mixture against 0.05N 
HCl [Appendix C.2(v)] using methyl red as indicator [Appendix C.2(vi)]. In 
each sample the quantity of HCl used to neutralize reaction was noted and 
difference was calculated. A blank consisting of all the above components of 
reaction mixture, except the leaf sample, was run simultaneously with each set 
of samples. The activity of the enzyme was calculated by putting the values in 
the formula. 
V X 22 X N 
CA = [mol(CO2)kg' (leafF.M.)s"'] 
W 
V = difference in volume (cm of HCl used in control and test sample 
titration) 
22 = equivalent weight of CO2 
N = Normality of HCl 
W = Fresh mass of tissue used 
3.10.2.3 Chlorophyll content 
Chlorophyll was estimated following the method of Mac Kinney (1941) 
in fresh leaf. 1 g of finely cut leaves was ground to a fine pulp using a mortar 
and pestle after pouring 20 cm^ of 80% acetone. The mixture was centrifiiged 
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at 5,000 rpm for 5 min. The supernatant was collected in 10 cm volumetric 
flask. The residue was washed three times, using 80% acetone [Appendix C.3]. 
Each washing was collected in the some volumetric flask and volume was 
made upto mark, using 80% acetone, the absorbance was read at 645 and 663 
nm against the blank (80% acetone) on spectrophotometer. The chlorophyll 
content present in the extract (mg kg'* tissue) was calculated using the 
following equations : 
V 
Mg chlorophyll a kg'' tissue = 12.7 (Aees) - 2.69 (A645) x 
1000 X W 
V 
-1 Mg chlorophyll b kg" tissue = 22.9 (A645) - 4.68 (Ages) x 
1000 xW 
V 
Total chlorophyll = 20.2 (A645) + 8.02 (Aees) x 
1000 x W 
where, A = absorbance at specific wavelengths 
V = final volume of chlorophyll extraction in 80%, acetone 
W = Fresh mass of tissue, used for extraction 
3.10.2.4 Carotenoid estimation 
("arotenoid were estimated following the method of Machlachlan and 
Zalik (1963). For this 100 mg fresh leaves were homogenized in 80% acetone, 
after filtering it the volume was maintained upto 10 ml. Readings were taken at 
480 nm and 510 nm and carotenoids were calculated by the formula; 
7.6 XA480-1.49 xAsio V 
Carotenoid = x 
1.4 1000 xW 
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where, V = volume of acetone 
W = Weight of fresh leaves 
3.10.2.5 Net photosynthetic rate 
The photosynthetic rate at each selected stage was measured in fully 
extended leaves, of somewhat the same age in all the replicates of plants by 
using (ICOR-6400, portable photosynthetic system (Nebraska, USA), Each 
observation was replicated thrice. All the measurements were made on 
cloudless clear days between 11:00 and 13:00 solar time. 3.13 Biochemical 
analysis 
3.11 Biochemical analysis 
Dried plant material collected at different sampling stages were used 
for the estimation of NPK content and its accumulation. The details of the 
estimation procedure are as follows : 
3.11.1 Estimation of nitrogen, phosphorus and potassium in leaf 
3.11.1.1 Digestion of powder 
Sample powder was digested according to Lindner (1944) for the 
estimation of N, P and K. 100 mg of dried powder was taken in a 50 ml 
Kjedahl flask. To this, 2 ml of concentrated sulphuric acid was added and the 
mixture was heated for 2 hours. After the time of 2 hours, the colour of the 
mixture turned black. After cooling for about 15 minutes, 0.5 ml of chemically 
pure 30% H2O2 was added drop by drop and this procedure was repeated till a 
clear solution is obtained. The peroxide digested material was transferred to a 
100 ml volumetric flask, three or four wash in distilled water and the volume 
was made upto the mark. 
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3.11.1.1.1 Estimation of nitrogen 
It was estimated according to Lindner (1944). 10 ml of aliquot of the 
peroxide digested material was taken in a 50 ml volumetric flask and to which 
2 ml of 2.5 N sodium hydroxide [Appendix C.4(i)] and 1 ml of 10% sodium 
silicate solution [Appendix C.4(ii)] was added to neutralize excess of acid and 
to prevent turbidity respectively. The volume of the solution was made upto the 
mark with the help of distilled water. In a 10 ml gradiated test tube, 5 ml 
aliquot of this solution was taken and 0.5 ml of Nessier's reagent was added. 
The final volume was made 10 ml with the distilled water. After waiting for 5 
minutes to develop the colour, the optimal density of the solution was 
determined at 520 nm on "spectronic-20" spectrophotometer. A blank was run 
prepared by adding 0.5 ml of Nessler's reagent. 2 ml of 2.5N NaOH and 1 ml 
of 10% sodium silicate in a 10 ml graduated test tube and the final volume was 
made by 6.5 ml of double distilled water. A standard curve was prepared by 
taking 25 mg ammonium sulphate in a 500 ml of volumetric flask and the 
volume was made with DDW. From this solution 0.1, 0.2, 0.3, ... 1.0 ml was 
taken by pipette and poured into 10 test tubes. Each mark of their respective 
volume of stock solufion. These were then diluted upto 5 ml. Therefore 0.5 ml 
of Nassler's reagent was added, a yellow colour was developed in a few 
minutes in each test tube of varied intensities according to the concentration of 
the stock solution present in it. The solution of a standard and samples were 
read using a spectrophotometer. Each solution was transferred in a 
spectrophotometer tube and % of transmittance was read at 520 nm. Their 
respective optical densities were determined either from the formula: 
O.D. = 2 - log % transmittance 
49 
Materials and Methods 
A calibration curve was plotted with optical density on x-axis and known 
concentration of ammonium sulphate on Y-axis and the nitrogen was expressed 
in terms of percentage on dry basis. The concentration of the sample was 
determined by plotting with optical density. 
3.11.1.1.2 Estimation of phosphorus 
Phosphorus content in the sulphuric acid digested material was 
estimated by the method of Fiske and Subba Raw (1925). A 5 ml of aliquot 
from each sample was taken in 10 ml graduated test tubes. To each test tube 1 
ml of molybdic acid reagent [Appendix C.4(iii)] was added carefully by the 
addition of 0.4 ml of l-amino-2-naphthol 4-sulphonic acid [Appendix C.4(iv)] 
the colour turned blue. The solution was made upto 10 ml with the help of 
double distilled water. The solution was shaken for 5 minutes and then 
transferred to a colorimetric tube to observe the optical density in 'spectronic-
20' at 620 nm. Simultaneously a blank prepared by taking 5 ml of DDW + 1 ml 
of molybdic acid reagent and 0.4 ml of l-amino-2-naphthol-4-sulphonic acid 
was run with each set of determination, A standard solution was prepared by 
dissolving 350 mg of KH2PO4 in 500 ml DDW to which 10 ml of lOBN 
sulphuric acid [Appendix C.4(vi)] was added and the final volume was made 
upto 1000 ml with the help of DDW. From this stock solution different test 
tubes and each test tube was marked by its concentration. In each test tube 1 ml 
of molybdic acid reagent and 0.4 ml of l-amino-2-naphthol-4-sulphomc acid 
was added. After 5 minutes O.D. was read at 620 nm in a spectrophotometer. A 
standard curve was prepared using different dilution of KH2PO4 solution versus 
optical density. With the help of this standard curve the content of phosphorus 
in the leaf powder in terms of percentage was determined. 
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3.11.1.1,3 Estimation of potassium 
It was estimated with the help of flame photometer. 10 ml aliquot was 
taken and read by using the filter for potassium. A blank was also run side by 
side with each set of determination. The readings were compared with 
calibration curve plotted using known dilutions of standard potassium chloride 
solution. For standard curve of potassium 1.91 gm potassium chloride was 
dissolved in 100 ml DDW, of which 1 ml solution was diluted to 1000 ml. The 
resulting solution was of 10 ppm potassium. From this 1, 2, 3, 4, 5, 6, 7, 8, 9 
and 10 ml solution was transferred to 10 vials separately. The solution in each 
vial was diluted to 10 ml. The diluted solution of each vial was run separately. 
A blank was also run with each set of determination. Standard curve was 
prepared using different dilution of potassium chloride solution versus readings 
on the scale of galvanometer. The amount of potassium present in sample was 
determined with the help of standard curve. 
3.12 Harvesting 
The crop became ready for harvesting on 27 July 2008. The picking of 
ripe fruits continues for about VA months and 4 pickings were carried out. 
While harvesting fruits, stalks were hold firmly and fruit were pulled upward 
gently, breaking the base of the stalk. 
3.13 Yield attributes 
Following parameters which contributed for the final produce was 
recorded at harvest. 
1. Fruit length 
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2. Pedicle length 
3. Single fruit fresh weight 
4. Single fruit dry weight 
5. Fruit yield 
6. Number of fruits plant"' 
7. Number of seeds fruit"' 
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This experiment was conducted to study the effect of wastewater and 
groundwater on growth, physiological and yield parameters. Growth and 
physiological parameters were studied at 30 DAS, 60 DAS and 90 DAS while 
yield parameters at harvest only significant data are described briefly below: 
4.1.1 Growth Parameters 
4.1.1.1 Shoot length planf^  
Waste water proved effective in increasing the shoot length of the plant 
with an increase of 19.04%, 13.49% and 12.43% over GW at 30, 60 and 90 
DAS respectively, thus showing the utility of wastewater in increasing the 
growth of the plants. It was also significantly affected under different nitrogen 
treatments and N6o proved best at first and last sampling stages and recorded an 
increase of 60.45%) and 31.58%) over No, however, at second sampling, N30 
being at par with Neo proved optimum recording an increase of 26.44%. 
Among varieties G4 plants were nearly 15.20%) and 12.85% taller than Pusa 
Jwala at the second and third samplings respectively. Among the interactions at 
first sampling stage the combined effect of WW x N30 proved better and being 
at par with GW x Ngo, thus proved optimum in both varieties. It enhanced shoot 
length 96.67% in G4 and 85.55% in Pusa Jwala at first sampling, similarly at 
last sampling this combination also proved optimum. 
Table 5. Effect of ground water and wastewater on shoot length (cm plant'') of chilli 
(Capsicum annum) grown under different levels of nitrogen in combination of 
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Subscript value denotes the amount of nitrogen in kg ha . Unifomi basal dose of P @ 60 kg ha" and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
4.1.1.2 Shoot fresh weight plant"' 
Wastewater proved superior for this growth parameter also at each 
sampling stage with an increase of 18.35%, 11.63% and 15.68% over GW. It 
was also significantly affected under nitrogen treatments. At first and second 
sampling stage N30 proved optimum as it was at par with Neo and showed an 
increase of 120.73% and 50.55% over control while at last sampling Neo gave 
an increase of 75.72% over control. Among varieties shoot fresh weight of G4 
plants v/as 11.92% higher compared to Pusa Jwala at last sampling stage. 
However, at first and second samplings result of varietal difference was non-
significant. 
4.1.1.3 Shoot dry weight plant'' 
Like shoot fresh weight, it was also significantly enhanced under 
wastewater and an increase of 20,88%, 27.12% over GW was observed at first 
and last sampling stages respectively, however, at second sampling effect of 
WW was non-significant. Among the treatments, Neo improved and recorded 
an increase of 92.54%, 70.14% and 123.27% over No at 30, 60 and 90 DAS 
respectively. Among the variedes G4 plants were 27.67% more than Pusa Jwala 
at 90 DAS, however, at 60 DAS this parameter was statistically similar in both 
varieties. Among the interaction combinations WW x N30 proved optimum in 
both varieties at each sampling. At first sampling stage it being at par with GW 
X Neo and WW x Ngo in both varieties and recorded an increase of 162.15% in 
G4 and 77.61%) in Pusa Jwala while at second sampling WW x N30 being at par 
with GW X Neo and WW x Neo in Pusa Jwala and in G4 it was at par with only 
WW X Neo. It recorded an increase of 133.53 and 38.09% in Pusa Jwala and G4 
respectively. 
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Table 6. Effect of ground water and wastewater on shoot fresh weight (g plant"') of chilli 
(Capsicum annum) grown under different levels of nitrogen in combination of 
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Subscript value denotes the amount of nitrogen in kg ha . Uniform basal dose of P @ 60 kg ha' and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 7. Effect of ground water and wastewater on shoot dry weight (g plant"') of chilli 
(Capsicum annum) grown under different levels of nitrogen in combination of 
phosphorus and potassium at 30, 60 and 90 days after sowing (DAS). 
GVVNo 
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Subscript value denotes the amount of nitrogen in kg ha". Unifomi basal dose of P @ 60 kg ha" and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
/ "V _^ Experimental Results 
; Act / No ' - I 
4.1.1.4 Leaf number plant"' 
Like other parameters leaf number plant"* waTalso significantly affected 
under wastewater treatment and it enhanced leaf production. An increase of 
12.64%, 22.67% and 18.13% over GW was registered at 30, 60 and 90 DAS 
respectively. This parameter was also significantly affected under different 
nitrogen treatments and Neo proved best at each sampling stage. It registered 
54.15%), 68.84% and 100.23% increase in number of leaves planf' over No at 
three sampling stage respectively. Among the varieties, at first sampling, 
variety G4 gave 27.53%) lower than Pusa Jwala while at last sampling this 
parameter was 18.03%) higher in G4 than Pusa Jwala. The response of this 
parameter was statistically different among varieties. Among the interactions 
combination WW x N30 proved optimum being at par with GW x Neo and WW 
X Neo in both varieties at second and third sampling stage but at second 
sampling WW x N30 proved better for variety Pusa Jwala with an increase of 
126.58% over control than G4 which recorded an increase of 55%) over control. 
At third sampling stage WW x N30 proved better for G4 which registered 
124.56% increase over control than variety Pusa Jwala which gave an increase 
of 116.48%. 
4.1.1.5 Leaf area 
Waste water proved efficacious as it increased leaf area by 21.19%, 
11.86%) and 18.22%) over GW at the three sampling stages respectively. It was 
also significantly affected under nitrogen. Thus N30, proved optimum at first 
and second sampling stages with an increase of 100,89%) and 73,65%) over No 
as it was statistically at par with Neo however, at third stage Neo was the best 
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Table 8. Effect of ground water and wastewater on leaf number plant"' of chilli (Capsicum 
annum) grown under different levels of nitrogen in combination of phosphorus and 
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Mean 141.67 116.78 129.23 
G. Mean 129.17 109.45 
Subscript value denotes the amount of nitrogen in kg ha'. Uniform basal dose of P @ 60 kg ha" and K. @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW == Wastewater 
Table 9. Effect of ground water and wastewater on leaf area (cm ) of chilli {Capsicum annum) 
gi'own under different levels of nitrogen in combination of phosphorus and potassium 
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Mean 18.50 16.67 17.59 
G. Mean 17.13 15.33 
Subscript value denotes the amount of nitrogen in kg ha". Unifomi basal dose of P @ 60 kg ha"' and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW •= Wastewater 
Experimental Results 
with an increase of 75.42%. Among the varieties Pusa Jwala was 23.11% and 
11.28% higher than G4 plants at first and second stages, however, at third stage 
variety G4 performed better and registered 11.81% increase in leaf area over 
Pusa Jwala. 
4.1.1.6 Root length plant'' 
Like shoot parameters, root parameters were also affected significantly 
under wastewater. It recorded better root length at 30 DAS and 90 DAS with an 
increase of 23.14% and 24.88% over GW and thus proved effective. Root 
length was also significantly affected under nitrogen treatments and Neo 
proving to be the best at first and last sampling stages with an increase of 
117.56% and 77.92% over control, however, at 60 DAS, N30 proved optimum 
and being at par with Ngo- It recorded an increase of 19.44% over NQ. Among 
the varieties root length of G4 plants were 32.91% and 17.58% higher than 
Pusa Jwala at 60 DAs and 90 DAS respectively however, at 30 DAS root 
length of G4 plants was 23.33% less than the Pusa Jwala. Thus this parameter 
responded differently at different sampling stages. Among the interactions only 
at first sampling stage, combination WW x N30 proved optimum and 
statistically similar with WW x Neo and GW x Neo in both varieties. It recorded 
an increase of 166.54% and 143.97% over control in G4 and Pusa Jwala 
respectively. Thus G4 performed better than Pusa Jwala. 
4.1.1.7 Root fresh weight planf^ 
Waste water irrigated plants recorded better root fresh weight for this crop 
at each sampling stages with an increase of 8.33%, 26.26% and 27.24% over 
GW. Among the treatments it was also significantly enhanced under nitrogen 
treatments and Neo proving to be the best at each sampling stage. An increase 
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Table 10. Effect of ground water and wastewater on root length (cm plant"') of chilli 
{Capsicum annum) grown under different levels of nitrogen in combination of 
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Mean 23^n 20L06 2L59 
G.Mean 21^00 17.87 
Subscript value denotes the amount of nitrogen in kg ha" . Uniform basal dose of P @ 60 kg ha" and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 11. Effect of ground water and wastewater on root fresh weight (g plant'') of chilli 
{Capsicum annum) grown under different levels oi nitrogen in combination of 
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Mean 4.14 3.24 3.69 
G. Mean 3^ 67 2.93 
Subscript value denotes the amount of nitrogen in kg ha'. Unifonn basal dose of P @ 60 kg ha' and K @ 50 kg 
ha''. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
of 43.42%, 63.91% and 87.84% was recorded at 30 DAS, 60 DAS and 90 DAS 
respectively over NQ. Among the varieties G4 plants were about 16.57%o and 
25.26% higher in root weight than the Pusa Jwala at second and third 
samplings however, at first stage the response of varieties was non-significant. 
Among the interactions at first sampling WW x N30 performed better in both 
varieties with an increase of 49.01% and 30.63%o in G4 and Pusa Jwala 
respectively. The response of this combination was statistically at par in GW x 
Nso and WW x Neo in both varieties. 
4.1.1.8 Root dry weight plant"' 
Root dry weight at each sampling stage was also enhanced by waste 
water. It gave an increase of 17.39%, 16.18% and 29.47% over GW at 30 DAS, 
60 DAS and 90 DAS respectively. It was also significantly affected with 
nitrogen and Neo proved best at first and last sampling with an increase of 
72.22% and 322%) over No while at second sampling N30 was at par with N^o- It 
recorded an increase of 28.69% over control NQ. Among varieties root dry 
weight of G4 is higher than Pusa Jwala and it recorded an increase of 38.10%, 
13.04% and 12.72% over Pusa Jwala. Among interactions at first sampling 
WW X N30 proved optimum being at par with GW x Neo in both varieties and it 
recorded 207.69%) increase in G4 however in Pusa Jwala 25% increase was 
obsrved. In Pusa Jwala GW x Neo proved best. 
4.1.1.9 Branch number plant"' 
Wastewater also enhanced the number of branches. It recorded an increase 
of 49.46% and 29.27% over GW at 60 DAS and 90 DAS respectively. This 
parameter was also significantly affected under nitrogen treatments. Neo proved 
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Table 12. Effect of ground water and wastewater on root dry weight (g plant"') of chilli 
(Capsicum annum) grown under different levels of nitrogen in combination of 
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Mean 1747 1^ 481 2^614 
G. Mean 1455 2.178 
Subscript value denotes the amount of nitrogen in kg iia". Uniform basal dose of P @ 60 kg ha" and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 13. Effect of ground water and wastewater on branch number planf' of chilli 
(Capsicum annum) grown under different levels of nitrogen in combination of 
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Subscript value denotes the amount of nitrogen in kg ha . Unifomi basal dose of P @ 60 kg ha"' and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
best with an increase of 182.40% and 113.73% over No at 60 DAS and 90 DAS 
respectively. Among the varieties G4 plants performed better than Pusa Jwala 
at both stages. G4 plants recorded 35.28%) and 17.42%) higher values at 60 and 
90 DAS respectively than Pusa Jwala. Among the interaction combination WW 
X N30 proved best and was statistically similar to GW x Neo in both varieties at 
only 90 DAS. This parameter registered an increase of 108.19%) and 184.15%o 
in G4 and Pusa Jwala varieties respectively over GW x NQ. 
4.1.1.10 Bud number plant"^  
Like other parameters number of buds plant"' was also significantly 
affected under wastewater and it proved beneficial in increasing it at both 
sampling stages. Waste water recorded an increase of 42.15%) and 21.27%) over 
GW at 60 and 90 DAS respectively. This parameter was also significantly 
affected under nitrogen treatments. N30 proved optimum at 60 DAS with an 
increase of 143.23% over NQ however, at 90 DAS Ngo was statistically similar 
with N:;o. Among the varieties at both sampling stages Pusa Jwala plants 
recorded more buds than G4 plants and under the former an increase of 45.72%) 
and 45.40% over later was recorded at 60 and 90 DAS respectively. Among the 
interactions at 90 DAS combination WW x N30 proved optimum and it was 
statistically at par with WW x Nso and GW x Ngo in both varieties. It recorded 
an increase of 250.00%) and 78.67% in G4 and Pusa Jwala respectively over 
GWxNo. 
4.1.1.11 Flower number plant"^  
Like number of buds planf', it was also significantly increased under 
wastewater and an increase of 61.65% and 25.62% was observed over GW at 
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Table 14. Effect of ground water and wastewater on bud number plant"' of chilli (Capsicum 
annum) grown under different levels of nitrogen in combination of phosphorus and 
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G. Mean 9.67 14.06 
Subscript value denotes the amount of nitrogen in kg ha' . Unifonn basal dose of P @ 60 kg ha' and K @ 50 kg 
ha''. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 15. Effect of ground water and wastewater on flower number plant"' of chilli (Capsicum 
annum) grown under different levels of nitrogen in combination of phosphorus and 
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Subscript value denotes the amount of nitrogen in kg ha . Unifomi basal dose of P @ 60 kg ha and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
later two stages of sampling. Among the fertilizer treatments Neo was best at 
both samplings and it recorded an increase of 278.70 and 125.61% over No at 
60 and 90 DAs respectively. This parameter was better in Pusa Jwala than G4 at 
the later two sampling stages and Pusa Jwala recorded 113.37% and 63.25% 
higher number of flowers plant"' than G4. 
4.1.2 Physiological parameters 
4.1.2.1 Nitrate reductase activity (NRA) 
Wastewater proved more efficacious in increasing the nitrate reductase 
activity upto last sampling stage. An increase of 8.10%, 10.5l%o and 7.64% 
over GW was recorded. Nitrogen treatment Neo proved best with an increase of 
59.65% and 56.90% over No while at second sampling, N30 being at par with 
Neo proved optimum and recorded an increase of 45.40% over control. Among 
the varieties Pusa Jwala performed better than G4 at first and last sampling 
recording an increase of 4.62%) and 3.10% respectively. Among the interaction 
only at last sampling stages combination WW x N30 proved optimum being at 
par with GW x Ngo in both varieties. An increase of 63.68% and 60.16% was 
recorded under the former combination in G4 and Pusa Jwala respectively. 
4.1.2.2 Carbonic anhydrse activity 
Wastewater proved better as it increased 6.15%), 5.41% and 5.70% 
carbonic anhydrase activity over GW at first, second and third samplings 
respectively. This parameter was also significantly affected under different 
nitrogen treatments and Neo proved best at each sampling stage. It recorded an 
increase of 26.33%, 17.92% and 18.76% over No at first, second and third 
sampling stage respectively. Among the varieties Pusa Jwala performed better 
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Table 16. Effect of ground water and wastewater on nitrate reductase activity (p. mol NO2 
g ' h ' fresh leaf tissue) of chilli (Capsicum annum) grown under different levels of 
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Mean 400.45 411.89 406.17 
G. Mean 385.78 397.72 
Subscript value denotes the amount of nitrogen in kg ha'. Unifonn basal dose of P @ 60 kg ha" and K @ 50 kg 
ha''. NS == non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 17. Effect of ground water and wastewater on carbonic anhydrase activity [raol CO2 
leg" (F.M.) s''] of chilli (Capsicum annum) grown under different levels of nitrogen in 
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Subscript value denotes the amount of nitrogen in kg ha . Unifomi basal dose of P @ 60 kg ha' and K @ 50 kg 
ha"'. NS •= non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
than G4 which registered an increase of 2.32%, 2.28% and 1.80% over G4 at 30, 
60 and 90 DAs respectively. 
4.1.2.3 Chlorophyll 'a' content 
Wastewater proved very effective in increasing the chlorophyll 'a' content 
with an increase of 12.50%, 6.98% and 9.58% over GW. It was also 
significantly enhanced with increasing nitrogen levels. Thus the treatment Ngo 
proved best at each sampling stage. It recorded an increase of 47.83%, 33.94%) 
and 37.56% over NQ. Among the varieties chlorophyll 'a' content of Pusa Jwala 
was higher than G4 plants. Pusa Jwala registered an increase of 6.36%, 3.44% 
and 3.64% over G4. Among the interaction WW x N30 combination proved 
optimum and was statistically similar with GW x Neo at 30 DAS in Pusa Jwala 
and recorded 64.80% increase over control, however in G4, WW x Ngo proved 
best. 
4.1.2.4 Chlorophyll 'b' content 
Wastewater recorded an increase of 22.34%, 12.50%) and 15.65% over 
GW at first, second and third sampling stages respectively. Chlorophyll 'b' 
content of the crop was also significantly affected under nitrogen treatments 
and Neo proved best with an increase of 109.38%, 50.38%) and 51.64% over No 
at 30, 60 and 90 DAS respectively. Pusa jwala proved best over G4 with an 
increase of 5.88%, 4.82% and 5.84%) at the three successive sampling stages 
respectively. Among the interaction at 60 DAS, combination WW x N30 proved 
optimum being at par with GW x N60 in both varieties. It recorded an increase 
of 68.14% and 66.67% over control in G4 and Pusa Jwala respectively. 
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Table 18. Effect of ground water and wastewater on chlorophyll a content (mg g"') of chilli 
(Capsicum annum) grown under different levels of nitrogen in combination of 
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Mean 2.58 2.67 2.63 
G. Mean 2£7 2.56 
Subscript value denotes the amount of nitrogen in kg ha". Unifonn basal dose of P @ 60 kg ha" and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 19. Effect of ground water and wastewater on chlorophyll b content (mg g"') of chilli 
(Capsicum annum) grown under different levels of nitrogen in combination of 
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Mean L65 L76 L71 
G. Mean L54 L64 
Subscript value denotes the amount of nitrogen in kg ha'. Uniform basal dose of P @ 60 kg ha' and K @ 50 kg 
ha''. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
4.1.2.5 Total chlorophyll content 
Like chlorophyll 'a' and 'b' wastewater also proved beneficial for 
increasing the total chlorophyll content. It recorded an increase of 23.42%, 
8.36% and 10.45% over GW at 30, 60 and 90 DAS respectively. Like other 
parameters among the nitrogen treatments, Neo proved best with an increase of 
55.93%, 37.09% and 40.04% over NQ. Among the varieties, Pusa Jwala proved 
best at first and last sampling stage with an increase of 14.65 and 4.35% over 
G4 while at second sampling G4 performed better than Pusa Jwala. Among the 
interactions WW x Ngo proved good in both varieties at first and second 
samplings. It recorded an increase of 91.04% and 49.14%i in variety G4 at first 
and second sampling respectively. While in Pusa Jwala it recorded 80.27 and 
49.50% increase over control. 
4.1.2.6 Carotenoid content 
Wastewater also proved effective for carotenoid content of the crop in 
comparison to ground water at each sampling stage. It recorded an increase of 
19.77%, 13.29% and 12.77% over GW. Out of nitrogen treatments, Neo proved 
better at first and last sampling with an increase of 110.53% and 68.22%o over 
control while at second sampling N30 was at par with Ngo. Among the varieties, 
Pusa Jwala was more responsive in comparison to G4. It recorded an increase 
of 8.89% and 5.48%) over G4 at first and last sampling stage respectively. 
4.1.2.7 Photosynthetic rate 
The data from the Table 22 revealed the better PN in wastewater irrigated 
plants and an increase of 9.00%, 7.65% and 8.09% was observed under it over 
GW at the three sampling stages respectively. Among different nitrogen 
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Table 20. Effect of ground water and wastewater on total chlorophyll contents (mg g'') of 
chilli (Capsicum annum) grown under different levels of nitrogen in combination of 
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G. Mean 6.22 6.48 
Subscript value denotes the amount of nitrogen in kg ha'. Unifonn basal dose of P @ 60 kg ha' and K @ 50 kg 
ha"'. NS =• non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 21. Effect of ground water and wastewater on carotenoid content (mg g'' F.W.) of chilli 
{Capsicum annum) grown under different levels of nitrogen in combination of 
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Subscript value denotes the amount of nitrogen in kg ha'. Uniform basal dose of P @ 60 kg ha" and K @ 50 kg 
ha''. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 22. Effect of ground water and wastewater on photosynthetic rate [\i mol (CO2) m"^ s"'] 
ol' chilli (Capsicum annum) grown under different levels of nitrogen in combination 
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Experimental Results 
treatments, Neo gave good performance at each sampling stage and it recorded 
31.19%, 31.72% and 29.54% more values than NQ. Among the varieties 
photosynthetic rate of Pusa Jwala plants was 8.42%, 932% and 4.48%) higher 
than G4 plants. Thus among varieties Pusa Jwala performed better than G4. 
Among the interactions WW x N30 proved optimum being at par with GW x 
Ngo in both varieties at 30 and 60 DAS. At first sampling it registered 36.32% 
and 35.10% increase over control in G4 and Pusa Jwala respectively. Whereas 
at second sampling it recorded 38.26% and 31.20% more PN than control in G4 
and Pusa Jwala respectively. 
4.1.2.8 Stomatal Conductivity 
Like photosynthetic rate, 11.30%, 5.73% and 7.94%) increase was also 
recorded under WW in stomatal conductance. Among the different nitrogen 
levels N60 proving best with an increase of 38.61%, 28.06% and 31.53% over 
No at 30, 60 and 90 DAS respectively. Among the varieties the values of Pusa 
Jwala plants were higher than G4 plants. An increase of 12.17%, 9.74% and 
9.60% was recorded at first, second and third sampling stages respectively. 
Among the interactions WW x N30 proved optimum in both varieties at first 
and second sampling stages. At 30 DAS WW x N30 being at par with WW x 
Neo and GW x Neo recorded an increase of 41.75%) over control in Pusa Jwala 
where as in G4 it was at par only with GW x Neo and an increase of 43.48% 
over control was recorded while at 60 DAS, WW x N30 was again at par with 
GW x Neo and WW x Neo in G4 variety and increase of 32.03% was recorded. 
In Pusa Jwala it was at par only with GW x Ngo and an increase of 29.37% was 
recorded. 
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Table 23, Effect of ground water and wastewater on stomatal conductivity (mol m"^s"') of 
chilli {Capsicum annum) grown under different levels of nitrogen in combination of 
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A x C 
B x C 








Mean 0.130 0.142 0.134 
G.Mean 0.125 0.137 
Subscript value denotes the amount of nitrogen in kg ha". Uniform basal dose of P @ 60 kg ha" and K @ 50 kg 
ha"'. NS == non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
4.1.2.9 Water Use Efficiency 
Wastewater proved better in increasing the WUE with an increase of 
3.77%, 6.85% and 7.32% over GW at 30, 60 and 90 DAS respectively. This 
parameter was also significantly affected under different nitrogen treatment and 
Ngo proved best with an increase of 23.56%, 28.56% and 29.13% over No while 
among the varieties the response of this parameter was better in Pusa Jwala 
than G4. The former recorded an increase of 21.56% and 11.18 over G4 at 
second and third sampling stages. However at first sampling G4 proved better 
than Pusa Jwala with an increase of 15.67%. Among the interactions WW x N30 
proved optimum and statistically similar with WW x Neo and GW x Neo in both 
varieties at each sampling stage. It recorded an increase of 27.95%, 36.17%o and 
38.28%) at 30, 60 and 90 DAS respectively in Pusa Jwala while in G4 variety it 
recorded an increase of 23.80%, 24.68% and 32.50% at 30, 60 and 90 DAS 
respectively. Thus Pusa Jwala performed better than G4. 
4.1.2.10 Leaf Nitrogen content 
Wastewater proved very effective in increasing the nitrogen content of the 
crop with an increase of 13.66%, 10.44% and 12.43%) over GW at first, second 
and third sampling stages respectively. It was also significantly enhanced with 
increasing nitrogen levels and thus Neo proved best at each sampling stage with 
an increase of 53.79%, 39.74% and 40.79% over NQ. Among the varieties Pusa 
Jwala proved more responsive in comparison to G4 up to last sampling stage 
which registered an increase of 5.99%, 7.03% and 5.46% over G4. Among the 
interaction combination WW x N30 proved optimum being at par with GW x 
Neo in both varieties at first and second sampling stages. It recorded an increase 
of 66.95% and 60.63% over control in G4 and Pusa Jwala respectively at first 
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Table 24. Effect of ground water and wastewater on water use efficiency (|i mol mor') of 
chilli (Capsicum annum) grown under different levels of nitrogen in combination of 
phosphorus and potassium at 30,60 and 90 days after sowing (DAS). 
30 DAS 



































A x B 
A x C 
B x C 
A x B 
















































A x B 
A x C 
B x C 
















GWNo 0.400 0.431 0.416 A 0.0011 
GWN30 0.480 0.517 0.499 B 0.0029 
GWNfio 0.528 0.595 0.562 C 0.0012 
A x B 0.0006 
A x C 0.0004 
B x C 0.0014 
A X B X C 0.0028 

















G. Mean 0.483 0.537 
Subscript value denotes the amount of nitrogen in kg ha"'. Uniform basal dose of P @ 60 kg ha' and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 25, Effect of ground water and wastewater on nitrogen content (%) of chilli {Capsicum 
annum) grown under different levels of nitrogen in combination of phosphorus and 
potassium at 30, 60 and 90 days after sowing (DAS). 
G\\'No 
GWN30 
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A x C 
B x C 






















Subscript value denotes the amount of nitrogen in kg ha"'. Unifomi basal dose of P @ 60 kg ha"' and K. @ 50 kg 
ha"'. NS == non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
sampling stage while at second stage this combination recorded an increase of 
48.92% and 48.67%. 
4.1.2.11 Leaf Phosphorus content 
Waste water also proved superior in increasing the phosphorus content 
like nitrogen content at -each sampling stage with an increase of 24.56%, 
18.57% and 17.19% over GW at 30, 60 and 90 DAS respectively. Among the 
different nitrogen treatments N^ o proved best and recorded an increase of 
113.16%, 67.27% and 78.72% over NQ. Among the varieties better response 
was given by Pusa Jwala than G4 which recorded 16.95%>, 14.08% and 15.63% 
higher phosphorus content over G4. Among the interaction at each sampling 
stage the combination WW x N30 being at par with GW x Neo in both varieties 
proved optimum. In G4 it registered 270.00%, 112.50% and 120.00% over GW 
X No at the three stages respectively while in Pusa Jwala 183.33%, 90.00% and 
102.27%. 
4.1.2.12 Leaf Potassium content 
Like nitrogen and phosphorus, potassium content was also significantly 
enhanced under waste water up to last sampling stage. It increased 8.64%), 
11.20% and 11.74%) more K content over GW at the three sampling stages 
respectively. This parameter was also significantly affected under different 
nitrogen treatments and Ngo proved best with an increase of 29.74%, 30.56%) 
and 31.07% over No at first, second and third sampling stages respectively. 
Among the varieties Pusa Jwala performed better than G4 at first and second 
sampling stages recording an increase of 4.00% and 4.02% over G4. While 
among the interactions this parameter was significantly affected only at first 
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Table 26. Effect of ground water and wastewater on phosphorus content (%) of chilU 
{Capsicum annum) grown under different levels of nitrogen in combination of 








































A x B 
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A x B 
A x C 
B x C 








Subscript value denotes the amount of nitrogen in kg ha". Unifonn basal dose of P @ 60 kg ha" and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 27. Effect of ground water and wastewater on potassium content (%) of chilli 
{Capsicum annum) grown under different levels of nitrogen in combination of 
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A x B 
A x C 
B x C 









































A x B 
A x C 
B x C 








Mean 2.51 2.63 2.57 
G. Mean 2.38 2.50 
Subscripl value denotes the amount of nitrogen in kg ha'. Unifomi basal dose of P @ 60 kg ha' and K @ 50 kg 
ha''. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
sampling stage. The combination WW x N30 proved best as it was at par witii 
GW X Ngo- It recorded an increase of 39.13% and 40.34% over control in Pusa 
Jwala and G4 respectively. 
4.1.3 Yield parameters 
4.1.3.1 Fruit Length 
Wastewater also proved good in increasing the fruit length at each 
picking. It recorded an increase of 69.57%, 91.77%, 66.42% and 31.18% at 1st, 
Ilnd, Ilird and IVth picking respectively. Fruit length was also significantly 
affected under nitrogen treatments and among the treatments Naoproved 
optimum at 1st, Ilnd and IVth pickings being at par with Neo- It recorded an 
increase of 45.86%, 33.07% and 45.92% over control NQ at 1st, Ilnd and IVth 
pickings respectively while at Ilird picking N60 was at par with N30. Among the 
varieties Pusa Jwala proved more responsive than G4 at each picking and it 
recorded an increase of 242.86%, 136.97%, 81.84% and 59.04% over G4 at 1st, 
Ilnd, lllrd and IVth pickings respectively. Among the interactions only at forth 
picking in variety Pusa Jwala like other parameters combination WW x N30 
proved optimum being at par with WW x Neo and GW x Neo- It registered an 
increase of 33.38% over control. 
4.1.3.2 Pedicel length 
Wastewater proved more responsive than GW in increasing the pedicel 
length at each picking. It recorded an increase of 94.26%o, 120.71%), 90.70% 
and 29.60% over GW at 1st, Ilnd, IlIrd and IVth pickings respectively. N30 
proved optimum and showed at par value with Neo at first and second pickings 
and recorded an increase of 67.83%, 61.44%) over No however, at third and 
fourth pickings N60 gave an increase of 71.35 and 105.52 over NQ. Pusa Jwala 
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Table 28. Effect of ground water and wastewater on fruit length (cm) of chilli {Capsicum 
annum) grown under different levels of nitrogen in combination of phosphorus and 
potassium at f\ II"^ III"' and IV"' picking. 
I^ ' picking 



































A x B 
A x C 
B x C 
A x B 









Mean 3.35 6.00 4.68 

































A x B 
A x C 
B x C 








Mean 5.68 6.91 6.30 

































A x B 
A x C 
B x C 








Mean 6.29 7.09 6.69 








































A x B 
A x C 
B x C 








Subscript value denotes the amount of nitrogen in kg ha". Unifonn basal dose of P @ 60 kg ha' and K @ 50 kg 
ha''. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 29. Effect of ground water and wastewater on pedicle length (cm) of chilli (Capsicum 
annum) grown under different levels of nitrogen in combination of phosphorus and 
potassium at f, ll'"', I l f and IV"' picking. 




































A x B 
A x C 
R x C 
A x B 









Mean 1.87 2.5 2.38 

































A x B 
A x C 
B x C 








Mean 2.93 3.25 3.09 
G. Mean .47 3.03 
































A x B 
A x C 
B x C 








Mean 3.21 3.34 3.28 

































A x B 
A x C 
B x C 








Mean 2.45 3.33 2.89 
G. Mean 2^00 3.12 ^ 
Subscript value denotes the amount of nitrogen in kg ha". (Jnifonn basal dose of P @ 60 kg ha' and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
proved best at each picking. Pedicel length of Pusa Jwala fruits was more by 
186.02%, 106.12%, 64.55% and 56.00% over G4 at 1st, Ilnd, Ilird and IVth 
pickings respectively. Among the interactions only at Ilnd picking in variety 
Pusa Jwala combination WW x N30 proved optimum and being at par with WW 
X Neo and GW x Ngo with an increase of 77.66% over GW x NQ. 
4.1.3.3 Single fruit fresh weight 
Wastewater proved superior in increasing the fresh weight of the fruit at 
each picking and showed its effectiveness. It recorded an increase of 77.72, 
96.65%, 60.00% and 30.81% over GW at first, second, third and fourth 
pickings respectively. Fresh weight of fruit was also significantly affected 
under different nitrogen treatments. At first and second pickings N30 proved 
optimum and showed at par value with Neo with an increase of 35.82% and 
33.74% over No however, at third and fourth pickings Ngo gave an increase of 
47.67% and 59.94% over NQ. Among the varieties Pusa Jwala proved best over 
G4 at each picking. It recorded an increase of 200%, 135.14%, 94.74% and 
55.11% over G4 at 1st, Ilnd, Ilird and IVth pickings respectively. Among the 
interaction only at last picking in Pusa Jwala combination WW x N30 proved 
optimum being at par with GW x Neo and WW x N60 like other parameter and 
recorded an increase of 23.42% over control GW x NQ. 
4.1.3.4 Dry weight of single fruit 
Wastewater performed better than GW in increasing the dry weight of 
single fruit at each picking. It registered an increase of 67.01%, 84.29%), 
60.50% and 30.83% over GW at 1st, Ilnd, Illrd and IVth pickings respectively. 
Dry weight was also significantly affected under different nitrogen treatment. 
In this parameter at first and second pickings, N30 proved optimum and being at 
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Table 30. Effect of ground water and wastewater on single fruit fresh weight (g) of chilli 
(Capsicum annum) grown under different levels of nitrogen in combination of 
phosphorus and potassium at f, ir\ III"* and IV"' picking. 
I picking 
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B x C 

















































A x B 
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B x C 








Mean 3.70 4.52 4.11 
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Mean 4.00 4.96 4.48 
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A x C 
B x C 








Subscript value denotes the amount of nitrogen in kg ha''. Unifomi basal dose of P @ 60 kg ha'' and K @ 50 kg 
ha''. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 31. Effect of ground water and wastewater on single fruit dry weight (g) of chilli 
{Capsicum annum) grown under different levels of nitrogen in combination of 





































A x B 
A x C 
B x C 
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Mean 0.227 0.421 0.324 
G. Mean 0.114 0.405 
































A x B 
A x C 
B x C 








Mean 0.324 0.450 0.387 
G. Mean 0.162 0.435 
































A x B 
A x C 
B x C 








Mean 0.402 0.500 0.451 
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A x C 
B x C 















Subscript value denotes the amount of nitrogen in kg ha". Unifomi basal dose of P @ 60 kg ha' and K @ 50 kg 
ha''. NS == non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
par with Neo- It recorded an increase of 34.01% and 36.03% over No 
respectively however at third and fourth pickings Ngo gave an increase of 
47.35% and 61.29%o over NQ. Among the varieties Pusa Jwala proved superior 
over G4 at each picking. It recorded an increase of 255.26%), 168.52, 95.56%) 
and 54.60%) at first, second third and forth pickings. Among the interactions at 
second and forth pickings only in variety Pusa Jwala combination WW x N30 
proved optimum and showed at par value with WW x Neo and GW x Neo with 
an increase of 29.07% and 23.54% over GW x NQ respectively. 
4.1.3.4 Fruit number plant'' 
Wastewater proved very effective in increasing the number of fruits 
plant'' at each picking. It proved its utility with an increase of 71.63%), 85.14%), 
87.30%) and 39.39%) at first, second, third and fourth pickings respectively. 
This parameter was also significantly affected under different nitrogen 
treatments. At first picking N30 proved optimum and showed at par value with 
N60 with an increase of 42.86%) over No however at second, third and fourth 
pickings Neo proved best with an increase of 72.22%), 83.33%) and 78.24% over 
No respectively. Among the varieties Pusa Jwala proved best over G4 at each 
picking. It recorded an increase of 283.50%, 193.17%, 124.80% and 82.01% at 
1st, Ilnd, Illrd and IVth pickings respectively. Among the interaction only at 
second picking in variety Pusa Jwala combination WW x N30 proved optimum 
and being at par with WW x Neo and GW x Neo. It recorded an increase of 
52.43% over GWx No. 
4.1.3.5 Seed number fruit'' 
Wastewater proved more responsive in comparison to GW among the 
yield parameters. Like other parameters number of seeds fruit"^  was also 
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Table 32. Effect of ground water and wastewater on fruit number plant'' of chilli {Capsicum 
annum) grown under different levels of nitrogen in combination of phosphorus and 
potassium at f\ II'"*, Ilf'' and IV"' picking. 




































A x B 
A>^C 
B x C 











Mean 4.00 8.22 6.11 
G. Mean 2.00 7.67 
































A x B 
A x C 
B x C 








Mean 6.44 10.00 8.22 
G. Mean 3.22 9.45 
































A x B 
A x C 
B x C 








Mean 6.67 9.55 8.11 

































A x B 
A x C 
B x C 








Mean 7.22 10.11 8.67 
G. Mean 5.28 9.61 
Subscript value denotes the amount of nitrogen in kg ha . Unifonn basal dose of P @ 60 kg ha" and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Table 33. Effect of ground water and wastewater on seed number fruit'' of chilli {Capsicum 
annum) grown under different levels of nitrogen in combination of phosphorus and 
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Mean 31.22 46.67 38.95 
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Mean 54.45 58.00 56.23 
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A x C 
B x C 









G. Mean 44^06 60.89 
Subscript value denotes the amount of nitrogen in kg ha'. Uniform basal dose of P @ 60 kg ha' and K @ 50 kg 
ha"'. NS = non significant. A = Treatment, B = Variety, C = Water, GW = Ground water, WW = Wastewater 
Experimental Results 
significantly affected under wastewater at each picking. It recorded an increase 
of 85.96%, 91.46%, 68.68% and 35.82% over GW at 1st, Ilnd, Ilird and IVth 
pickings respectively. This parameter was also significantly affected under 
different nitrogen treatments. At 1st, Ilnd and IVth pickings Neo proved best. It 
recorded an increase of 77.78%, 47.86% and 58.43% over No at first, third and 
fourth pickings respectively while at Ilnd picking N30 proved optimum being at 
par with Neo with an increase of 30.41% over NQ. Among the varieties response 
of Pusa Jwala proved best in comparison to G4 and it registered an increase of 
183.66%, 133.54%, 70.46% and 38.20% over G4 at 1st, Ilnd, Ilird and IVth 
pickings respectively. Among the interaction only at last picking in variety 
Pusa Jwala combination WW x N30 proved optimum and being at par with WW 
X Neo and GW x Neo with an increase of 19.25%) over GW x NQ. 
4.1.3.6 Fruit yield 
Waste water proved superior over GW in increasing the fruit yield at each 
picking. It showed its effectiveness in increasing the fruit yield by recording an 
increase of 84.24%, 95.81% , 86.17% and 42.35% over GW at 1st, Ilnd, Ilird 
and IVth pickings respectively. Fruit yield was also significant affected under 
different nitrogen treatments. Thus Neo proved best at each picking with an 
increase of 119.67%, 112.57%, 123.38% and 112.98% over NQ at 1st, Ilnd, Ilird 
and IVth pickings respectively. Among varieties Pusa Jwala proved superior 
over G4 with an increase of 287.18%, 197.51%, 168.40% and 118.73% at 1st, 
Ilnd, Ilird and IVth pickings respectively. Among the interactions only at Ilnd 
picking in Pusa Jwala combination WW x N30 proved optimum and being at 
par with WW x Neo and GW x N60. It recorded an increase of 96.95% over GW 
xNo. 
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Table 35. Effect of ground water and wastewater on fruit yield (g plant"') of cMlli {Capsicum 
annum) grown under different levels of nitrogen in combination of phosphorus and 





































A x B 
A x C 
B x C 
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Mean 16.22 35.01 25.62 
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A x C 
B x C 








Mean 28.09 45.80 36.95 
G. Mean, 14.05 41.77 
































A x B 
A x C 
B x C 








Mean 27.23 48.17 37.70 

































A x B 
A x C 
B x C 








Mean 30.72 52.83 41.78 
G. Mean 22.32 48.82 
Subscript value denotes the amount of nitrogen in kg ha''. Unifonn basal dose of P @ 60 kg ha"' and K @ 50 kg 
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Chapter 5 
DISCUSSION 
The thrust in this chapter was basically on plant nutrition through 
wastewater given as a source of some essential nutrients as well as irrigation 
water. It has been divided into following sections : (1) waste" water and plant 
nutrition, (2) Inorganic fertilizers and plant nutrition (2a) nitrogen (2b) 
phosphorus (2c) Potassium (3) growth response (4) varietal response (5) 
conclusions (6) proposal for future studies 
5.1 Waste water and plant nutrition -
As pointed out earlier wastewater proved beneficial, when compared with 
groundwater, for most of the growth (Table 5-15) physiological (Table 16-28) 
and yield parameters (Table 28-35). The beneficial effect on vegetative growth 
was due to the presence of some essential macro nutrients in wastewater like N, 
P, K, Ca, and Mg (Table 2) and their availability to roots because of regular 
watering of the experimental pots after seedling emergence. Thus the root 
system had more chance to explore the soil for nutrients as well as water. This 
may have resulted in increased growth and development in wastewater irrigated 
plants. The role of these nutrients are well established in plants as nitrogen 
plays an important role in vegetative growth of stem and leaves. It also 
stimulates the cell division, cell enlargement and differentiation (Najoku, 
1957). It may be pointed out that leaf area is an important parameter that 
determines the plant productivity. The increased nutrient supply and 
availability has increased the leaf size by increasing cell size and number 
(Hewitt 1963; Devlin and Witham, 1986; Gardner et al., 1985). Phosphorus 
Discussion 
another essential nutrient is found in plant as a constituent of nucleic acid, 
phospholipids the coenzymes like NAD and NADP and the most important of 
all is as a constituent of ATP and other high energy compounds (Ross and 
Salisbury, 2007). Similarly potassium has its role in stomatal opening and 
closing. It also affects the photosynthesis by enhancing the growth and it is also 
part as a cofactor in many enzymes (Gardner et al., 1985; Mengel and Kirkby, 
1996). In addition to above three major nutrients calcium is thought to be 
another important nutrient in the formation of cell membrane and it also helps 
in cell division and elongation, and acts as a second messenger in signal 
transduction (Marschner, 2002). While Magnesium is the centre of chlorophyll 
molecule, without which photosynthesis would not occur (Devlin and Witham, 
1986). It also helps in phosphorylation and protein synthesis (Marschner, 
2002). It is also required in the cell division in leaves and shoots and plants 
deprived of it tend to exhibit reduced growth (Hopkins, 1995). Therefore, the 
different roles performed by these essential nutrients cumulatively, enhanced 
the growth and development of the crop studied. Beneficial effects of 
wastewater have also been reported by other workers while working on various 
kinds of waste waters. Mention may be made of Rajannan and Obisami 
(1979), Reddy et al. (1981), Singh et al. (1985), Khan and Varshney (1989), 
Mishra and Behera (1991), Shukla and Moitra (1995), Hayat et al. (2000) 
Pradhan et al. (2001), Javid et al. (2003), Ahmad et al. (2004), Saeed et al. 
(2004) and Shah et al. (2005). 
The ameliorative effect of N, P and K applied as fertilizers were more 
pronounced when applied with wastewater. Among the grov^h parameters like 
shoot length and shoot dry weight (Table 5,7), root length and root dry weight 
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(Table 10, 12) leaf number and bud number (Tabie8-14) N30 along with 
wastewater proved optimum being at par with Neo along with groundwater in 
both varieties because the effect of nitrogenous fertilizer became more 
pronounced when applied with wastewater. This assumption is further 
strengthened by the data of physiological and yield parameters. All 
physiological parameters like leaf nitrate reductase activity (NRA), carbonic 
anhydrase activity (CA), photosynthetic rate, stomatal conductance including 
photosynthetic rate, water use efficiency (PWUE), leaf chlorophyll content and 
carotenoid content were significantly enhanced by the application of 
nitrogenous fertilizer plus wastewater because of the presence of various 
essential nutrients supplementing other nutrients and role played by each of 
them. The stimulatory effect of three essential nutrients on photosynthesis may 
be due to enhanced CA activity (Campbell, 1999). CA is a zinc metalloenzyme. 
Zn catalyses the decomposition of carbonic acid to CO2 and water (Devlin and 
Witham, 1986). Increased CA activity would make considerable quantity of 
additional COj available for the process of photosynthesis. Thus CA play an 
important role in physiological functions that involve photosynthesis (Henry, 
1996,Moroncye?a/.,2001). 
An important method for examining yield performance is to break the 
yield into its components (Yoshida, 1981). In the present study, application of 
wastewater proved effective in increasing fruit yield. It was likely to be due to 
increase in fruit number (Table 32), fruit length (Table 28), fresh weight of 
fruit (Table 30) and dry weight of fruit (Table 31). This enhancement may be 
correlated due to the cumulative role of the nutrients present in wastewater on 
various growth and development processes. Thus due to the presence of above 
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mentioned nutrients the wastewater application helped in enhancing the growth 
and yield parameter including fruit yield of chilli. It has also minimised the 
fertilizer consumption thereby decreasing the pollution load on the 
environment and also expenditure involved on fertilizers. 
5.2 Fertilizer and plant nutrition 
Plant growth is a manifestation of the interplay of the meristematic tissues 
and metabolic processes, leading to enhanced dry matter production and an 
increase in volume and weight. It is known to be particularly enhanced by the 
application of NPK (Moorby and Besford, 1983; Marschner, 1986). Thus the 
addition of fertilizer is proved beneficial for most of the growth and yield 
parameters. The beneficial effect of fertilizer on growth and yield parameter 
was also reported on chilli by Sontakke et al. (1995), Santamaria and Elia 
(1995), Sharma et al. (1996), Maya et al. (1997), Prabhakar and Naik (1997), 
Maya et al. (1999), Aliyu (2002), Sajid et al. (2001), Naeem et al. (2002), 
Chauhan et al. (2005), Khurana et al. (2006). 
5.2.1 Nitrogen 
Nitrogen is considered as one of the most important plant nutrients as it is 
major element for most of the plant species (Greenwood, 1982). Its role in cell 
division and expansion (Gastal and Nelson, 1994) are well known. It is also 
present as a constituent of important biomolecules like purine, pyrimidine, 
porphyrin and coenzyme. Purine and pyrimidine are found in RNA and DNA 
whereas porphyrin is present in chlorophyll and cytochrome, essential for 
process of photosynthesis and respiration. The data of the vegetative growth 
showed an increase with increasing level of nitrogen because nitrogen control 
72 
Discussion 
the vegetative growth by its involvement in protein metabolism, however shoot 
and root length (Table 5, 10) number of leaves, leaf area and number of branch 
(Table 8, 9, 13) increased with increasing level of nitrogen and highest nitrogen 
level i.e. Neo proved best. Dry matter in terms of shoot and root dry weight 
(Table 7, 12) was highest at high level of nitrogen (Neo) because higher amount 
of nitrogen may have accelerated the metabolic activities, leading to greater 
accumulation of photosynthates resulting in increased growth and dry matter. 
Neo proved best for most of the physiological parameters also like NRA, 
CA, leaf chlorophyll content, photosynthetic rate, photosynthetic water use 
efficiency and stomatal conductance (Table 16, 17, 18, 19, 20, 22, 23, 24). 
NRA and photosynthetic rate depends upon leaf area which provide vegetative 
and assimilatory surface and it is already confirmed that leaf area increases 
with increasing level of nitrogen. Thus enhance NRA was related to increasing 
absorption and translocation of N to leaves. This enhanced activity was capable 
of influencing the fruit yield (Table 35). Nitrogen is a major nutrient affecting 
the chlorophyll content (Moorby and Besford, 1983) which is generally related 
to yields (Reeves et al, 1993). 
Increase in leaf N, P and K content may be due to the synergistic effect of 
nutrients, with their higher concentration accelerating root proliferation. The 
resulted higher surface area also helped in extracting more nutrients present 
near the root zone. Fruit length and fruit weight (Table 28, 30) was maximum 
at higher nitrogen level Neo because nitrogen has encouraged greater green area 
and green pigment helping in higher production of food material this lead to the 
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production of larger and heavier fruits. Similar findings were reported by 
Joseph and Balakrishna Pillai (1985), Ado (1991), Aliyu and Yusuf (1991). 
5.2.2 Phosphorus 
Phosphorus is second important essential element, and it is important for 
all forms of life. Besides this, it helps in leaf development, formation of seed 
and maturation of crops (Patnaik, 1987), the uniform phosphorus dose ?eo 
increased various growth, physiological and yield parameters because higher 
amount of phosphorus might have accelerated the metabolic activities, leading 
to greater accumulation of photosynthates resulting more growth and dry 
matter. Thus increase in plant height and leaf number may also be responsible 
for the sufficient production of photosynthates leading to higher number of 
fruits (Table 32), fruit weight (Table 30) and fruit yield (Table 35), contrary to 
sufficiency level, plant suffering from its deficiency showed reduction in leaf 
expansion and leaf area (Freeden et al., 1989), number of leaves (Lynch et al., 
1991) and low photosynthetic activity (Adeevo and Andreeva, 1974). 
5.2.3 Potassium 
The third major nutrient is K and it is well known that N is fully utilized 
for crop production only when K is adequate (Mengel and Kirkby, 1982). 
Therefore it is benefited for the crop not only due to its own physiological role 
but also its enhancing effect on nitrogen. 
Like nitrogenous and phosphatic, potassic fertilizer also enhanced the 
growth. Application of K50 increased many grov^ h^, physiological and yield 
parameters because it is essential for a number of enzyme activation, transport, 
anion neutralization and osmotic potential of cells. It also play an important 
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role in phloem transport of sucrose and induced the growth rate and metabolic 
activity as a result of this the sink organ utilize or store photosynthates (Mengal 
and Viro, 1974). The effect of K on leaf NRA (Table 16) can be explained on 
the basis of its involvement in peptic bond synthesis (Webster, 1954). 
5.3 Plant response 
Apart form the positive effect of these nutrients on growth, yield and 
quality parameters the comparison of growth at different stage was also 
observed. It may be noted that shoot length, root length (Table 5,10), shoot and 
root fresh weight (Table 6, 11) increased upto last sampling. It may be noted 
that growth parameters enhanced comparatively more from 30 to 60 DAS than 
60 DAS to 90 DAS, contrary to above, most of the physiological parameters 
increased from 30 to 60 DAS but slightly decreased from 60 to 90 DAS 
because of the increasing age of the crop plants. It may be because of 
mobilization of organic and inorganic substances to sink accompanied with 
increase in leaf area causing further dilution. This lead to the fact that the 
density of photosynthetic pigment (chlorophyll) and enzyme CA, NRA per unit 
leaf area becomes lesser as the plant approaches towards maturity. 
Similarly leaf NPK content also decreased with age. It may also be 
attributed to the exponential increase in growth of the plant due to which any 
further increase in nutrients concentration appears to be less when expressed on 
per unit basis (Moorby and Besford, 1983). Decrease in nutrient concentration 
with age was also studied by Moorby (1977). In addition to this, the decline 
may be explained on the basis of continuous assimilation of these nutrients 
translocated from vegetative part by developing sinks. It may be pointed out 
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that among the three nutrients, K accumulated more followed by N and P 
because K is most abundant cation of plant tissue (Huber, 1985) and also 
absorbed at the higher rate by plants (Mengel and Kirkby, 1982). 
5.4 Varietal response 
The effort of agricultural scientists is to exploit the genetic potential of 
crop plants through proper agricultural practices in the direction of maximum 
productivity. The present study conducted in agroclimatic conditions of Aligarh 
was undertaken to evaluate the response of two varieties of chilli to the 
application of wastewater and varying levels of nitrogen and uniform dose of 
phosphorus and potassium. The pooled data showed that application of 
wastewater and NPK fertilizer was beneficial for both the varieties however, 
their response was different. 
It is known that any crop and even among the species, the magnitude of 
difference varies under the same climate, soil and even the same management 
practices. G4 variety showed an improvement over Pusa Jwala in growth 
parameters such as shoot length, shoot fresh and dry weight (Table 5, 6, 7), root 
length, root fresh and dry weight (Table 10, 11, 12) at all the three sampling 
stages. Whereas Pusa Jwala showed better performance in leaf area and leaf 
number and in physiological parameters like leaf NRA (Table 16), CA (Table 
17), chlorophyll and carotenoid contents (Table 18, 19, 20, 21), photosynthetic 
rate, photosynthetic water use efficiency and stomatal conductance (Table 21, 
22, 23) at all the three stages of sampling. A significant increase in NPK 
contents (Table 25, 26, 27) of Pusa Jwala was also observed. Among the yield 
parameters (Table 28-35) Pusa Jwala gave better results in comparison to G4. 
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The better performance of Pusa Jwala may be attributed due to its significantly 
higher nutrient uptake. The difference in the performance is attributed to be due 
to the reason that ion absorption by plants is under genetic control (Glass and 
Perley, 1980). Yoshida (1972) also explained that varieties differ in their 
response to changes in their environment. 
5.5 Conclusions 
1. The analysis of the wastewater revealed its suitability for irrigation as 
the values for the analyzed parameters were within the permissible 
limits of the Indian Standards for irrigation water (18:3307-1965). 
2. As the wastewater proved beneficial for growth, yield and physiology of 
chilli, it may be recommended for irrigation, 
3. Among the interactions nitrogen (N30) along with wastewater gave at par 
results as Neo along with groundwater thus wastewater reduced the dose 
of fertilizer. 
4. It was noted that shoot length, shoot fresh and dry weight, root length, 
root fresh and dry weight increased with increasing age of the plant. 
5. Contrary to the above observations, leaf number, leaf area, 
photosynthetic rate, stomatal conductance and photosynthetic water use 
efficiency increased up to 60 DAS only and decreased at 90 DAS. 
6. It was also noted that chlorophyll content, carotenoid content, NRA, CA 
and leaf NPK content also increased up to 60 DAS and decreased at 90 
DAS. 
7. Both G4 and Pusa Jwala varieties grew well under wastewater irrigation 
but Pusa jwala performed comparatively better and may, therefore, be 
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recommended to the local farmers for the cultivation under wastewater 
irrigation along with 30 kg N ha''. 
8. Finally, the better performance of this crop confirmed the suitability of 
the ^vastewater as a source of irrigation as well as nutrient, thus the 
wastewater may therefore be utilized profitably for agricultural purpose 
where such waste resources are easily and freely available. 
5.6 Proposal for future studies 
The observation recorded during one year have helped to some extent in 
observing the utility of the wastewater and in determining the optimum dose of 
N for obtaining optimum yield of chilli. However in our opinion, the study has 
some shortcomings, which may be undertaken on the following lines in future 
studies: 
1. More varieties must be tested. 
2. The combination of P and K separately and with N may be tested. 
3. Presence of important heavy metals in wastewater, plant tissues and fruit 
may estimated. 
4. Microbiology of wastewater may also be studied. 
5. In chilli crop has some important vitamin, alkaloids and pungent 
substance Capsaicin which must also be tested. 
6. The experiment may be repeated in the field condition adjacent to the 
wastewater reservoir at Aligarh for the confirmation of the data recorded 
and convince the farmers for the utility of wastewater. 
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APPENDIX 
The reagents and chemicals used in various determinations were prepared 
according to the following methods : 
(A) Reagents for Soil Analysis 
1. Available phosphorus 
(i) Olsen's reagent 
42.0 gm of sodium bicarbonate was dissolved in double distilled 
water to give 1000 ml of the solution. The pH was adjusted to 8.5 with 
the addition of small quantity of sodium hydroxide. 
(ii) Dickman and Bray's reagent 
15 gm of ammonium molybdate was dissolved in 300 ml of warm 
water (about 60°C). It was then cooled and filtered. To this, 400 ml of 
ION HCl was added and finally the volume was made up to 1000 ml. 
(iii) Stannous chloride solution 
10 gm of crystalline stannous chloride was dissolved in 25 ml of 
cone. HCl and stored in an amber colored bottle. This was 40% stannous 
chloride solution. Just before use 0.5 ml was diluted to 66 ml with 
double distilled water. 
(iv) Sulphuric acid (7N) 
19.6 ml sulphuric acid was added to double distilled water and the 
final volume was made up to 100 ml. 
2. Calcium: 
(i) EDTA solution (O.OIN) 
2.0 gm of ethylene diamine tetra-acetic acid was dissolved in 
double distilled water and final volume was made up to 1000 ml. 
Appendix 
(ii) Murexide indicator 
0.2 gm of ammonium purpurate was mixed with 40 gm of 
powdered potassium sulphate. 
3. Magnesium : 
(i) Erlochrome black T indicator 
0.5 gm dye was mixed with 100 gm 2,2,2-nitrilo triethanol. 
4. Cation Exchange Capacity (CEC): 
(i) Sodium hydroxide solution (0.1 N) 
4 gm of sodium hydroxide was dissolved in distilled water and the 
final volume was made up to 1000 ml with double distilled water. 
5. Carbonates and bicarbonates 
(i) Phenolphthaiein indicator 
0.5 gm of phenolphthaiein was dissolved in 50 ml of 95% ethanol 
and 50 ml of distilled water. 
(ii) O.OIN sulphuric acid 
0.272 ml sulphuric acid was diluted in double distilled water and 
final volume was made upto 100 ml. 
(iii) Methyl red indicator 
0.5 gm methyl red was dissolved in 95 mi ethyl alcohol and 5 ml 
double distilled water. 
(B) Reagents for Water Analysis 
1. Biological Oxygen Demand (BOD): 
(i) Manganous sulphate solution 
40 gm of manganese sulphate was dissolved in double distilled 
v^ 'ater and volume was made up to 100 ml. 
II 
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(ii) Alkali azide reagent 
A mixture of 50 gm of sodium hydroxide and 13.5 gm of sodium 
iodide was diluted to 100 ml with double distilled water. 1 gm of sodium 
azide was dissolved in 4 ml of double distilled water and added to the 
above solution. 
(iii) Sodium thiosulphate solution (0.025N) 
2.48 gm of Na2S203 was dissolved in 100 ml of distilled water and 
diluted to about four times. 
2. Chemical Oxygen Demand : 
(i) Standard Potassium Dichromate solution 
12.259 gm potassium dichromate was dissolved in double distilled 
water and final volume was made up to 1000 ml. 
(ii) Standard ferrous ammonium sulphate 
39 gm standard ferrous ammonium sulphate was dissolved in 
double distilled water. 20 ml of concentrated sulphuric acid was added 
and volume was made up to 1000 ml. 
(iii) Ferroin indicator 
1.485 gm of 1,10 phenanthroline monohydrate together with 495 
gm FeS04 was dissolved in double distilled water and volume was made 
up to 100 ml. 
3. Total Hardness : 
(i) EDTA (0.01 M) 
3.723 gm EDTA dehydrate sah was dissolved in double distilled 
water and diluted to 1000 ml. 
4. Calcium: 
(i) Sodium hydroxide solution (IN) 
4 gm of NaOH was dissolved in double distilled water and finally 
volume was made up to 100 ml. 
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(ii) Ammonium purpurate indicator 
150 mg ammonium purpurate was dissolved in 100 ml ethylene 
glycol. 
5. Carbonates and bicarbonates : 
(i) Phenolphthalein indicator 
0.5 gm of phenolphthalein was dissolved in 50 ml of 95% ethanol 
and 50 ml of distilled water. 
6. Chloride: 
(i) Potassium chromate indicator solution 
50 gm K2Cr204 was dissolved in double distilled water and silver 
nitrate solution was added till a definite orange red precipitate appeared. 
After this, it was filtered and diluted to 1000 ml with double distilled 
water. 
(ii) Standard silver nitrate titrant (0.02 N) 
2.395 gm AgNOa was dissolved in double disfiUed water and 
diluted to 1000 ml. 
7. Nitrate nitrogen: 
(i) Sulphanilic acid solution 
600 mg sulphanilic acid dissolved in 70 ml warm DDW. After 
addition of 20 ml concentrated HCl, the volume was made upto 100 ml. 
8. Phosphorus: 
(i) Ammonium molybdate solution 
(a) 25.0 gm of ammonium molybdate was dissolved in 175 ml of 
double distilled water (b) 280 ml of concentrated H2SO4 was added to 
400 ml of double distilled water and cooled. The two solutions (a) and 
(b) were mixed and diluted to 1000 ml. 
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(C) Reagents for Plant Analysis 
1. Nitrate Reductase Activity (NRA) 
(i) 0.1 M Phosphate buffer (7.5) 
27.2 gm of KH2PO4 and 45.63 gm of K2HPO4.7H2O were 
dissolved separately in 1000 cm^  of DDW. The above solutions of 
KH2PO4 and K2HPO4.7H2O were mixed in the ratio of 16:84. 
(ii) Isopropanol (5%) 
5 cm^ of isopropanol was pipette into sufficient DDW and final 
volume was made up to 100 cm^ using DDW. 
(iii) 0.2 M KNO3 
20.2 gm of KNO3 was dissolved in sufficient DDW and final 
volume was made up to 1000 cm , using DDW. 
(iv) 1% Sulphanilamide 
1 gm of sulphanilamide was dissolved in 100 cm of 3N HCl. 3N 
HCl was prepared by dissolving 25.86 cm^ of HCl in sufficient DDW 
and final volume was maintained to 100 cm , by using DDW. 
(v) 0.02% N-1 naphthyl-ethylene-diamine dihydrochloride (NED-HCl) 
20 mg of NED-HCl was dissolved in sufficient DDW and final 
volume was made up to 100 cm , by using DDW. 
2. Carbonic Anhydrase Activity (CA) 
(i) Cystein hydrochloride solution (0.2M) 
48 gm of cystein-HCl was dissolved in sufficient DDW and final 
volume was made up to 1000 cm by using DDW. 
(ii) Sodium phosphate buffer 
27.8 gm of NaH2P04 and 53.65 gm of Na2HP04 was dissolved 
each separately in sufficient DDW and final volume was made 1000 
cml 51 cni^  of NaH2P04 and 49 cm^ Na2HP04 were then mixed to get 
the required solution. 
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(iii) Alkaline sodium bicarbonate solution 
16.8 gm of sodium bicarbonate (NaHC03) was dissolved in 
aqueous 0.2 M NaOH solution {0.8 gm of NaOH (1000 cm^)"'} and 
final volume was made upto 100 cm , by using DDW. 
(iv) 0.002% Bromothymol blue 
0.002 gm of bromothymol blue was dissolved in sufficient DDW 
and final volume was made up to 100 cm , by using DDW. 
(v) 0.05N HCl 
0.86 cm^ of pure HCl was pipette in sufficient DDW and final 
volume was made up to 100 cm^ by using DDW. 
3. Chlorophyll Estimation 
80% acetone was prepared by mixing 80 cm of acetone with 20 
cm^ of DDW. 
4. Estimation of Nitrogen, Phosphorus and Potassium 
(i) 2.,5 N Sodium hydroxide 
10 gm of sodium hydroxide was dissolved in 100 ml distilled 
water. 
(ii) 10% Sodium silicate reagent 
10 gm of sodium silicate was dissolved in 100 ml of disfilled water. 
(iii) Molybedic acid reagent (2,5) 
6.25 gm of ammonium molybdate will be dissolved in 175 ml 
double distilled water, to which 75 ml of 10 N sulphuric acid will be 
added. 
(iv) l-amino-2-naphthol-4-sulphomc acid 
0.5 gm of l-amino-2-naphthol-4-sulphonic acid will be added in 
195 ml of 15% sodium bisulphate solution to which 5 ml of 20%) sodium 




(v) 15% sodium bisulphate solution 
15 gm of sodium bisulphate solution was dissolved in 100 ml of 
double distilled water. 
(vi) 10 N Sulphuric acid 
Enough double distilled water was added to 25.25 ml of H2SO4 to 
make its volume up to 100 ml. 
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